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ABSTRACT 


This  thesis  describes  the  automated  testing  and 
fault  isolation  which  is  performed  on  a  Circuit  Card 
Assembly  (CCA)  used  in  a  complex  naval  weapons  system. 

The  automated  testing  is  performed  using  a  Hewlett  Packard 
9826  computer  and  IEEE-488  bus  compatible  equipment  which 
comprise  the  Test  Set  known  as  the  TE304.  A  complete 
circuit  analysis  of  the  CCA  being  tested  is  included  in  this 
thesis  as  well  as  program  descriptions  of  the  Acceptance 
Test  Program  and  the  Fault  Isolation  Program.  Also  included 
in  this  thesis  is  background  information  on  the  TE304 
Automated  Test  Set,  the  equipment  which  make  it  up,  and  the 
software  which  is  used  to  control  it.  This  thesis  was  made 
possible  through  a  U.  S.  Navy  contract  between  the 
University  of  Louisville  Electrical  Engineering  Department 
and  the  Naval  Ordnance  Station  in  Louisville. 
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i  N~  RGDUCT I  ON 


The  purpose  of  this  thesis  is  to  develop  software 
and  hardware  needed  for  automated  testing  and  fault 
isolation  of  an  analog  circuit  card  assembly  (CCA)  which  is 
used  in  a  complex  naval  weapons  system.  The  automated 
testing  is  accomplished  using  a  Hewlett  Packard  9826  desktop 
computer  and  various  other  electronic  i nstrumentat i on  which 
is  controlled  via  the  IEEE-488  interface  bus.  The  U.  S. 
Naval  Ordnance  Station  in  Louisville,  Kentucky,  (NOSL)  has 
been  involved  with  maintenance  and  overhaul  of  many  types  of 
weapons  systems.  The  system  from  which  this  circuit  card 
came  contains  some  80  analog  circuit  cards  which  are  tested 
and  repaired  individually  by  the  Production  Engineering 
department  at  NOSL.  The  work  for  this  thesis  project  has 
been  made  possible  through  a  contract  awarded  to  the 
University  of  Louisville  Speed  Scientific  School  by  the 
NOSL  . 

Test  Requirements  (TR)  for  each  CCA  are  set  forth  by 
the  Naval  Sea  Systems  Command  (NAVSEA)  and  are  known  as  the 
Acceptance  Test  for  that  CCA.  The  Acceptance  Test  TR  for 
the  circuit  card  used  in  this  thesis  is  contained  in 
APPENDIX  A.  These  Acceptance  Tests  are  performed  on  a 
number  of  Test  Equipment  Sets  (TE)  depending  on  what  type  of 
circuit  card  is  being  tested:  low  frequency  analog,  digital. 
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high  power,  or  high  frequency  analog.  Before  any  testing  of 
the  CCA's  can  be  performed,  a  complete  circuit  ana  lysis  of 
the  CCA  must  be  accomplished.  Schematic  diagrams  of  the  CCA 
to  be  tested  are  contained  in  APPENDIX  C. 

A  hardware  interface  which  is  needed  as  a 
commun i cat i on  link  between  the  CCA  and  the  TE  is  designed 
next  and  built  into  a  patchbox  which  is  part  of  the  TE . 

This  interface  hardware  consists  primarily  of  patchcords 
which  are  plugged  into  the  patchbox  and  provide  the 
necessary  connections,  by  means  of  a  switching  matrix, 
between  the  instrumentation  and  the  circuit  card.  Some 
adapter  circuitry  is  also  used  in  the  patchbox  which  aids  In 
performing  certain  types  of  tests  that  the  instrumentation 
cannot  perform  directly.  The  schematic  layout  of  the 
patchbox  and  adapter  circuit  can  be  found  in  APPENDIX  D. 

The  writing  of  the  software  needed  to  perform  the 
Acceptance  Test  and  if  any  failures  occur,  the  Fault 
Isolation  Test,  is  the  last  task  to  be  accomplished.  This 
software  uses  subprograms,  which  have  been  developed  as  part 
of  the  TE  operating  system,  to  control  the  different 
instrumentation  on  the  IEEE-488  interface  bus.  The  language 
used  for  the  HP  9826  computer  is  HP  Basic  3.0  which  is  a 
high  level  operating  system  incorporating  different  aspects 
of  BASIC,  FORTRAN,  and  PASCAL.  Because  the  TE  used  for  this 
project  is  highly  automated,  very  little  operator 
intervention  is  needed  during  testing  of  the  CCA.  Fault 
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isolation  procedures  ana  tests  must  a  I  so  be  derived  before 
developing  the  software  for  the  Fault  isolation  Test  ;F1;. 

A  complete  listing  of  the  Acceptance  and  Fault  Isolation 
Test  Programs  is  contained  in  APPENDIX  F  and  G,  respect i vely. 

The  completion  of  this  project  and  the  other  Circuit 
Card  Assemblies  is  a  key  part  in  the  goals  of  the  Production 
Engineering  department  at  the  NGSL .  Prior  work  performed  by 
University  of  Louisville  students  in  this  area  f o 1 1 ow 
basically  the  same  procedures  that  were  mentioned  above. 

The  TE ' s  used  in  these  projects  were  not  totally  automated 
and  required  much  operator  intervention  which  increased  both 
productivity  time  and  the  possibility  of  mistakes.  The 
software  needed  for  the  Acceptance  and  Fault  Isolation  Test 
of  this  project  was  developed  on  a  new,  aimost  totally 
automated  TE ,  TE304,  which  was  developed  and  built  by  NOSL 
Production  Engineering  in  1985.  All  future  testing  of 
analog  CCA's  will  be  done  on  this  new  system  which  will  both 
speed  up  production  and  produce  a  higher-quality  product. 
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II.  INSTRUMENTATION  AND  HARDWARE 

A.  TE304  Automated  Test  Set 
NOSL  has  been  testing  and  repairing  the  analog 
circuit  card  assemblies  (CCA)  since  1982.  Early  Fault 
Isolation  TE's  were  comprised  of  limited  stimulus  and 
measurement  equipment  and  used  a  cumbersome  patchcord  jumper 
box  which  had  to  be  operated  manually.  These  systems  were 
nicknamed  the  "Benchtops"  because  the  operator  actually  sat 
at  a  bench  while  performing  the  tests  on  the  CCA's.  A 
Hewlett  Packard  9826  desktop  computer  was  the  controlling 
device  for  these  systems,  but  due  to  a  primitive  software 
system,  was  limited  in  setting  up  the  equipment  and  taking 
readings.  No  switching  matrix  was  available  to  interface 
the  CCA  to  the  equipment.  The  equipment  and  interfacing 
circuits  had  to  be  connected  to  the  CCA  through  the 
patchcord  jumper  box  using  numerous  banana-jack  patchcords. 
The  software  written  for  the  CCA  acceptance  and  fault 
isolation  tests  would  instruct  the  operator  when  and  where 
to  connect  these  patchcords.  This  type  of  system  slowed 
down  production  rates  and  also  increased  the  possibility  of 
operator  errors. 

The  TE8009  is  an  automated  test  set  built  by  a  major 
defense  contractor  which  is  also  the  main  supplier  of  the 
CCA's.  This  test  set  is  used  for  running  the  Acceptance 
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Test  on  low  frequency  ana  1 og  CCA's  as  were  the  Benchtop 
TE ' s .  However,  the  contractor  does  not  provide  any  software 
for  fault  isolation  tests  on  the  CCA's;  this  was  the  main 
reason  for  developing  the  Benchtop  program.  The  TE8009  was 
both  extremely  expensive  and  complicated  due  to  a  vast 
amount  of  custom  hardware  that  was  used  in  the  test  set. 

Very  little  of  the  equipment  in  the  TE8009  was  "off  the 
shelf"  equipment  which  made  repair  or  replacement  difficult. 

The  engineers  who  made  up  the  Benchtop  program  have 
since  designed  and  built  a  new  almost  totally  automated  test 
set  which  is  now  called  the  TE304  at  a  fraction  of  the  cost 
it  took  to  build  the  TE8009.  This  test  set  uses  primarily 
Hewlett  Packard  equipment  and  equipment  which  is  IEEE-488 
bus  compatible,  all  of  which  are  "off  the  shelf".  The 
controlling  device  is  again  the  HP9826  desktop  computer; 
however,  a  completely  new  array  of  software  has  been 
developed.  It  consists  of  an  operating  system,  subprograms 
which  make  it  easy  to  set  up  the  equipment  and  take 
measurements,  and  various  other  programs  and  subprograms 
used  by  the  TE304.  The  equipment  which  makes  up  the  TE304 
and  the  performance  spec i f i cat i ons  for  each  are  listed  in 
TABLE  I . 

The  software  which  was  developed  for  the  TE304  was  a 
tremendous  improvement  over  earlier  systems.  Subprograms 
were  written  which  made  it  possible  to  set  up  the  equipment 
and  take  measurements  by  using  one  subprogram  call 
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statement.  By  changing  the  parameter  list  in  the  cal  1 
statements,  it  is  possible  to  configure  the  equipment  in  any 
number  of  operating  modes.  Because  the  programmer  no  longer 
has  to  use  the  long  and  complicated  instrument  command 
strings,  writing  and  debugging  CCA  test  software  was  made 
much  easier.  Software  was  also  developed  for  system  use  by 
the  Test  Set  operator.  This  software  created  a  standardized 
method  of  running  CCA  tests,  recording  the  data,  and  also 
helped  perform  TE  maintenance  and  calibration  checks. 

B.  Interface  Adapter  Hardware 
As  mentioned  in  the  previous  section,  the  TE304  uses 
a  Patchbox  and  Switching  Matrix  to  provide  the  proper 
connections  between  the  CCA  connector  pins  and  the  test 
equipment.  However  some  circuitry  is  required  to  interface 
the  signals  between  the  CCA  and  the  TE.  This  hardware  is 
built  onto  a  small  wire-wrapped  plug  board  and  mounted  in 
the  Patchbox.  Because  the  TE's  are  very  versatile,  little 
interface  circuitry  is  needed.  Only  four  load  resistors  are 
required  for  the  CCA  done  in  this  thesis;  the  other  required 
pu 1  I  up  resistors  are  supplied  by  the  Digital  Read  Cards  in 
the  HP  Mu  1 1 i programmer .  The  only  other  circuitry  needed  is 
a  single  7408  quad  AND  gate  which  is  used  to  protect  the 
Digital  Write  Card  from  receiving  any  damaging  voltages  due 
to  a  bad  CCA.  One  gate  on  this  AND  chip  is  used  to  control 


the  triggering  on  one  of  the  CCA's  555  timers.  A  noise 
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suppression  capacitor  is  added  across  the  IC  power  supply 
leads  for  protection.  A  complete  schematic  of  the  interface 
adapter  circuit  along  with  the  physical  layout  of  the 
Patchbox  is  contained  in  APPENDIX  D. 

The  remaining  interface  hardware  consists  of  many 
patchcords  that  are  permanently  plugged  into  the  Patchbox. 
These  jumpers  connect  the  TE  and  CCA  signals  to  the  matrix 
points  or  directly  to  the  CCA  as  in  the  case  of  the  power 
supplies.  The  connections  are  fairly  arbitrary  as  long  as 
the  equipment  needed  for  a  certain  test  can  be  connected  to 
the  CCA  through  the  Switching  Matrix.  For  a  board  of  this 
size  however,  this  requires  careful  planning  of  the  wire 
layout  and  efficient  use  of  equipment.  Two  additional 
resistors  are  added  to  the  Patchbox  between  the  Measurement 
Matrix  points  98,  99,  and  100  for  use  as  a  software  patchbox 
identification  check  which  is  run  at  the  beginning  of  each 
test . 

The  Stimulus  Matrix  (20  x  60  matrix  points)  is  most 
useful  for  general  connections  of  stimulus  and  measurement 
equipment  to  the  CCA.  Most  of  the  TE  is  connected  to  the  20 
lines  of  one  side  of  the  matrix  while  the  many  CCA  pins  and 
test  points  are  connected  to  the  60  lines  on  the  other  side 
of  the  matrix.  Additional  measurements  are  made  by  using 
the  Measurement  Matrix  (4  x  100).  The  four  lines  on  one 
side  of  this  matrix  (A,  B,  C,  and  D)  are  connected  to  the 
Hi,  Low,  Sense  Hi,  and  Sense  Low  inputs  of  the  HP3497 
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Digital  Multimeter.  The  Coaxial  Matrix  (16  x  20)  is  needed 
for  CCA  pins  that  are  of  coaxial  output  or  input  and  for 
stimuli  that  is  of  higher  frequency.  A  complete  list  of  the 
patchbox  jumpers  is  contained  in  APPENDIX  D. 
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TABLE  I 


TE304  EQUIPMENT  LIST  AND  DESCRIPTIONS 


STIMULUS  EQUIPMENT 
HP  3325A  Function  Generator 

1.  sine  wave  :  0.000001  Hz  to  20999999.9  Hz 

2.  square  wave  :  0.000001  Hz  to  10999999.9  Hz 

3.  triangle  wave  :  0.000001  Hz  to  10999.9  Hz 

4.  pos./neg.  ramp  :  0.000001  Hz  to  10999.9  Hz 

5.  frequency  resolution  :  1  uHz  for  freq<10QkHz 

1  mHz  for  freqMOOkHz 

6.  frequency  accuracy  :  +  /-  5x10-6  of  value 

7.  amplitude  range  :  4  mVpp  to  40  Vpp  @  +/-  27. 

HP  8116A  Pulse/Function  Generator 

1 .  frequency  range  :  1  mHz  to  50  MHz 

2.  frequency  accuracy  :  1  mHz-99.9  kHz  +/-  3% 

100  kHz-50  MHz  +/-  5% 

3.  duty  cycle  (sine,  triangle,  square) 

range:  107.  to  90%  (1  mHz  to  999  kHz) 

20%  to  80%  (1  MHz  to  9.99  MHz) 

4.  pulse  width  :  10  ns  to  999  ms  +  /-  5% 

5.  amplitude  range  :  7.95  Vdc  @  +/-  0.57. 

HP  8112A  Pulse  Generator 

1 .  frequency  range  :  1  Hz  to  50  MHz 

2.  pulse  period  :  20  ns  to  950  ms  @  +/-  5% 

3.  delay  steps  :  75  ns  to  950  ms  @  +/-  5% 

4.  double  pulse  :  20  ns  to  950  ms  @  +/-  57. 

5.  width  :  10  ns  to  950  ms  @  +/-  5% 

6.  duty  cycle  :  1%  to  99%  @  +  /-  107. 

7.  amplitude  range  :  0.2  to  32  Vdc  @  +/-  37. 

E I genco  602A  Gaussian  Noise  Generator 

1.  ranges  :  20  kHz,  500  kHz,  5  MHz 

@  i  dB,  2.5  dB,  and  2.5  dB 

2.  amplitude  range  :  0  to  5  Vrms 

3.  output  impedance  :  900  ohms  +/-  107. 

1LC  Data  SR-460  Synchro/Resolver  Simulator 

1.  angular  range  :  0  -  353.9  deg  resol.  .01  deg 

2.  accuracy  :  +/-.01  deg  open,  +/-.03  deg  w/  load 

3.  signal  output  :  11.8,  26,  or  90  Vac 

4.  reference  :  26  or  115  Vac  @  +/-  3% 


TABLE  I  (continued) 
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F.  Zi  Tech  9811  Programmable  Resistance  Unit 

1.  resistance  range  :  l  ohm  to  1.5  Megohm 

2 .  accuracy  :  0.1  7. 

3.  resolution  :  1  ohm 

4.  power  rating  :  1  Watt 

G.  HP  69321B  Digital  to  Analog  Output  Card 

1.  used  with  HP  6940B  Mu  1 1 i programmer 

2.  amplitude  range  :  -10.24  to  10.235  Vdc ,  +/-5  mv 

3 .  step  range  :  5  mVdc 

H.  HP  6933  IB  Digital  Output  Card 

1.  used  with  HP  6940B  Mu  1 1 i programmer 

2.  TTL  low  output  :  0  to  0.4  Vdc 

3.  TTL  high  output  :  4.75  to  5.25  Vdc 

4.  max.  current  sink  :  40  mA 

5.  12  separate  outputs 

I.  HP  69332A  Open  Collector  Output  Card 

1.  used  with  HP  6940B  Mu  1 1 i programmer 

2 .  low  output  :  0  to  .7  Vdc 

3.  high  output  :  +30  Vdc  max. 

4.  max.  current  sink  :  40  mA 

5.  12  separate  outputs 


Measurement 


A.  HP  1980B  Oscilloscope 

1.  bandwidth  :  100  MHz 

2.  sweep  delay  :  0  to  9.9  sec.,  resol.  5  digits 

3.  timebase  :  5  ns/div  to  1  sec/div,  @  3  digits 


B.  HP  5335A  Frequency  Counter 

1.  range  :  DC  to  100  MHz 

2.  additional  functions  :  period,  time  AB,  pulse 
width,  duty  cycle,  slew  rate,  phase  AB,  tot.  A 


C.  HP  3457A  Digital  Multimeter 

1.  DC  voltage  range  :  30  mV  to  300  V 

2.  AC  voltage  range  :  30  mV  to  300  V 

3.  resistance  range  :  3  ohm  to  3  Gohm 

4.  DC  current  :  300  mA  to  1.5  A 

5.  AC  current  :  30  mA  to  1  A 


D.  HP  69431 A  Digital  Input  Card 

1.  used  with  HP  6940AB  Mul t i programmer 

2.  low  input  :  0  to  .8  Vdc 

3.  high  input  :  2  to  5  Vdc 

4.  max.  current  sink  :  6  mA 

5.  12  separate  inputs 


TA8LE  I  (continued) 


69422A  Analog  to  Digital  Input  Card 
used  with  HP  6940B  Mu  1 1 i programmer 
input  ranges  :  +/-1Q  Vdc,  +  /-1  Vdc,  +/-1QQ  mVdc 
input  resolution  :  5  mV,  500  uV,  50  uV 
output  resolution  :  12  bits 


Power 


ament 


HP  6034A  DC  Power  Supply  (6) 

1.  voltage  range  :  0  to  60  Vdc 

2.  current  range  :  0  to  10  A 

3.  resolution  :  voltage- 15  mV,  current-2.5  mA 

Kepco  PRM  28-7  28  Volt  Power  Supply 

1.  voltage  :  28  Vdc 

2.  current  :  7  A 


Accessors 


ament 


Quantum  Data  CAT2000  Automatic  Screwdriver 

1.  backlash  :  none 

2.  torque  :  0  to  15  ounces  inches 

3.  step  :  12,800  steps/revolution 

4.  velocity  :  2  to  1800  degrees/second 

A.O.  Data  Inc.  MC56-111583C  Switching  System 
Switching  Control  Unit 

1.  ANSI /IEEE  standard  488-1978  compatible 

2.  one  IEEE-488  address 

3.  independent  control  of  each  sub  matrix 

Measurement  Matrix 

1.  4  x  100  configuration 

2 .  si gna 1 s  <  1  MHz 

Stimulus  Matrix 

1.  20  x  60  configuration 

2 .  si gna 1 s  <  1  MHz 

Coaxial  Matrix 

1.  20  x  16  configuration 

2.  signals  <  50  MHz 


Relay  Specifications 
1  .  reed  contacts 

2.  initial  contact  resistance  :  <  .11  ohms 

3.  end  life  contact  resistance  :  <  .31  ohms 

4.  life  expectancy  :  >  10  million  (rated  load) 

5.  DC  breakdown  :  200  Vdc 
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TABLE  I  (continued) 

6.  maximum  current  :  0.5  A 

7.  maximum  voltage  200  Vdc 

Control  Hardware 

A.  HP  9826  Computer 

1.  2  additional  HP  98256A  256K  RAM  cards 

2.  1  additional  HP  98624A  IEEE-488  Bus  card 

3  .  7  i nch  CRT 

4.  5.25  inch  Flexible  disc  drive 

5.  keyboard  :  ASCII  character  set,  numeric  keypad, 

ten  softkeys 

6.  68000  16  bit  processor 

B.  HP  9133L  Winchester  Disc  Drive 

1 .  memory  range  :  40  Megabyte 

2.  ANSI /IEEE-488  compatible 

3.  3.5  inch  double  density  micro  floppy  disc  drive 

C.  HP  2934A/W  Printer 

1.  dot  matrix  printer 

2.  ANS I / I EEE-488  compatible 

3.  200  characters  per  second  (bi-directional) 


III.  CIRCUIT  ANALYSIS 


A.  Continuity  Tests 

There  are  16  continuity  tests  performed  on  the  CCA 
during  the  Acceptance  Test.  All  but  two  of  these  tests 
simply  check  continuity  between  two  CCA  connector  pins  which 
are  tied  together  by  wire  lands  on  the  circuit  board.  The 
other  two  tests  measure  12  kohm  identification  resistors 
which  are  mounted  between  two  connector  pins  on  the  CCA. 

The  only  circuit  analysis  needed  for  this  series  of 
tests  consists  of  analyzing  the  CCA  wire  lands  and/or  the 
two  i dent i f i cat i on  resistors  for  defects.  During  the  Fault 
Isolation  Program  the  TE  operator  is  instructed  to  have  the 
resistors  replaced  if  they  fail.  The  tolerances  set  forth 
by  the  TR  allowed  for  these  measurements  ares  1  ohm  maximum 
for  the  wire  lands  and  plus  or  minus  1  kohm  for  the  two 
res i stors . 


B.  Current  Demand 

The  CCA  being  tested  here  requires  three  DC  power 
supplies;  a  28-volt  source,  a  5-volt  source,  and  a  -5-volt 
source.  The  amount  of  current  drawn  from  each  of  these 
power  supplies  varies  according  to  what  state  of  the  many 
logic  circuits  on  the  CCA.  Analysis  needed  to  determine  the 
total  amounts  of  current  drawn  from  each  supply  would 
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i  4 

require  a  complete  cnapter  in  itself  Put  is  not  required  ro r 
this  project.  For  the  purposes  of  this  CCA  and  the 
tolerances  set  forth  by  the  Naval  Sea  Systems  Command 
vNAVSEA;  in  the  TR ,  the  current  drawn  from  each  supply  was 
determined  from  nominal  readings  taken  from  several  good 
CCA's.  The  maximum  allowable  currents  are  approximately  107. 
higher  than  these  nominal  readings  and  are  jjtj  rnA  tor  the  jn 
volt  supply,  450  mA  for  the  5  volt  supply,  and  60  mA  for  the 
-5  volt  supp 1 y . 

C.  Voltage  Regulator  Circuit  (TIM) 

Test  number  200  iO  is  the  first  test  measurement  to 
be  made  once  the  power  has  been  app I i ed  to  the  CCA.  This 
measurement  is  taken  from  a  5.1  volt  zener  diode,  VR16, 
which  is  part  of  the  voltage  regulator  circuit  shown  in 
FIGURE  18  of  APPENDIX  C.  This  circuit  provides  several 
reference  voltages  for  other  circuits  on  the  CCA  such  as  the 
comparator  circuits. 

A  constant  current  of  approx i mate  1 y  5  mA  is 
maintained  by  the  transistor  Q4 1  which  determines  the 
reference  voltages  across  the  resistor  branch  of  R150,  R151, 
R153,  and  R154.  The  5.1  volt  zener  diode  VR16  maintains  the 
voltage  at  CCA  connector  pin  92-21  which  is  where  the 
measurement  for  test  number  20010  is  taken.  The  tolerances 
allowed  for  this  reading  by  the  TR  are  plus  or  minus  307. 


which  is  too  high  for  this  circuit.  The  normal  tolerances 


for  a  zener  of  this  type, as  shown  in  any  standard  data  b gck, 
are  plus  or  minus  207.-  The  actua  I  voltage  readings  taken  at 
the  various  reference  points  in  the  circuit  are  given  on  the 
schematic  and  are  accurate  for  a  5  mA  current  flowing 
through  the  resistor  branch  mentioned  above. 

D.  AC  and  DC  Ga i n  Tests 
1.  Test  Number  21010  :  VBMT  DC  Gain 

The  circuit  for  this  test  is  shown  in  FIGURE  19 

I  oca ted  i n  APPEND  IX  C.  U21  is  a  747  ope rat i ona 1  anv  1  i f i er 

IC  which  is  used  as  a  Lossy  Integrator  and/or  a  Low  Pass 
Filter.  This  test  simply  checks  the  DC  gain  of  the  amp  1  i f i er 
using  an  input  voltage  of  12.5  volts  DC.  The  voltage  at  the 
non-inverting  input  (pin  6)  can  be  found  using  the  formula 
for  the  voltage  divider  network  consisting  of  RI33,  RI34, 

the  5.1  vdc  source,  and  the  12.5  vdc  input  voltage. 

V(  +  )  =  [ 12.5(R134)+5. 1 (R133) ]/[ R 1 33+R 1 34] 

=  [ ( 12.5* 1 5000 )  +  (  5  . 1  *  150000) ]/[  15000+150000] 

=  5.77  vdc. 

Because  this  test  only  involves  DC  ana  1 ys i s ,  the 
capacitors  in  the  circuit  can  be  ignored.  The  output 
voltage  of  U2 1  (pin  10)  can  be  obtained  directly  from  the 
standard  op-amp  equation  used  for  a  non-inverting  amplifier. 


1  u 


vo  =  v(  +  ;[l-t-iRl31/Rl  32;] 

=  5. 77" [  l  +  (  15/150)  ] 

=  t> .  35  vdc  . 

If  the  output  voltage  at  connector  pin  P2-26  is 
referenced  to  connector  pin  P2-27  which  is  at  a  potential  of 
5.1  vdc,  the  output  voltage  measured  at  connector  pin  P2-26 
will  be  6.35  -  5.10  =  1.25  vdc.  This  is  true  because  there 
is  no  voltage  drop  across  R130  or  R160.  The  DC  Gain  of  the 
circuit  can  be  obtained  by  simply  dividing  the  output 
voltage  by  the  input  voltage. 

DC  Gain  =  Vo/Vin  =  1.25/12.5 

=  0.10, 

2.  Test  Number  21020  :  VBMT  AC  Ripple  Gain  (1  Hz) 

This  test  uses  the  same  circuit  as  in  test  number 
21010.  The  schematic  is  shown  in  FIGURE  19  of  APPENDIX  C. 
Here  the  circuit  is  tested  for  the  AC  ripple  gain  using  an 
input  of  1  Hz  at  4  volts  peak  to  peak.  The  input  is  appl i ed 
to  connector  pin  P2-2  referenced  to  P2-3.  The  voltage  at 
the  non-inverting  input  (pin  6)  can  be  obtained  using  the 
voltage  divider  rule  as  follows. 
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\i  {  +  i  =  t5.l*Rljj;/(R133+R134; 

=  I  5.  1 • 1 50; / t  1 50+ 1 5 ) 

=  4.64  vdc . 

The  DC  output  voltage  can  be  calculated  using  the 
equation  for  a  non-inverting  op-amp. 


Vo (DC)  =  Vin  ( 1+R131/R132) 
=  4.64(1+15/150) 

=  5.1  vdc. 


The  feedback  impedance,  Z2 ,  of  the  op-amp  consists 
of  R 1 3 1  in  parallel  with  Cl  4.  The  equivalent  impedance  at 
frequency  of  1  Hz  is  calculated  next. 

Z2  =  (R131//C14)  =  [ 15000// ( 1 / 10E-6s) ] 

=  ( 1 5000/ 1 0E-6s ) / ( 1 5000+ 1 / 1 0E-6s ) 

=  15000/(0.  1  5s+  1  ).  (  1 

Let  s  =  jw  =  j(2*TT*F) 

=  j ( 2  *  3  .  14*1; 

=  J6.28. 

Then  Z2  =  1 5000/ ( 0 . 1 5* j6 . 28+ 1 ) 


1 5000/  (  l+j0.942). 


16 


!  22  i  =  15000/1  (  l+j0.942) 

=  15000/1.374 
=  10920  ohms. 

The  output  of  the  op-amp  is  obtained  next  by  using 
the  standard  op-amp  equat i on  for  an  inverting  amplifier. 

Vo  =  -V i n (Z2/Z 1 ) 

=  -V i n ( 10.92/150) 

=  -V  i  n  (  0 . 0726 ). 

Vin  is  the  input  signal  "A" 

AC  Gain  =  Vo/Vin 

=  ( -0 . 0726V i n ) /V i n 
=  -0.0726. 

3.  Test  Number  21030  ;  VBMT  AC  Ripple  Gain  (10  Hz) 

This  test  is  identical  to  the  previous  test  (number 
21020)  with  the  input  frequency  changed  to  1 0  Hz  instead  of 
1  Hz.  Using  equation  number  1,  the  new  feedback  impedance, 
Z2,  can  be  calculated  at  a  frequency  of  10  Hz. 

Z2  =  15000/(0. 1 5s+  1  ) 

=  j62 . 83 . 

where  s  =  jw  =  j ( 2* Tf *  1 0 ) . 
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22  =  1 5000/ ( 0 .  15* j62 .83+  1  ) 

=  15000/ (  1  + j9 . 425 ) . 

; 22 !  =  15000/ i  ( 1  +  j  9 . 4  2  5  )  \ 

=  15000/9.478 
=  1583  ohms. 

The  output  voltage  can  now  be  recalculated  using 
this  impedance.  The  DC  voltages  are  the  same  as  in  test 
number  21020. 

Vo  =  -V i n (Z2/Z 1 ) 

=  -V i n ( 1583/150000) 

=  -V i n ( 0 . 0 1 06 ) , 

AC  Gain  =  Vo/Vin  =  -0.0106. 


4.  Test  Number  21040  ;  VBMT  AC  Ripple  Cain  (1  Hz) 

Test  number  21040  is  a  repeat  of  test  number  21020 
with  the  input  signal  reversed.  The.  schematic  is  shown  in 
FIGURE  1 9*  located  in  Appendix  C.  The  magnitude  of  the 


signal  is  still  4  volts  peak -to-peak .  The  analysis  for  this 


test  is  somewhat  different  from  that  of  the  previous  tests. 
Because  the  input  signal  (S1G.  A)  is  applied  to  connector 
pin  P2-3  and  referenced  to  connector  pin  P2-2,  the  op-amp 


acts  as  a  non-inverting  ampl i f i er .  The  AC  voltage  at  the 
non-inverting  input  of  the  op-amp  (pin  6)  must  be  found 
using  the  voltage  divider  rule.  The  5.1  vdc  source  at  node 
C  on  the  schematic  is  assumed  to  be  a  ground  for  AC 
ana  lysis. 

Let  Z3  =  R134//C15 

=  R131//C14  =  Z2  (feedback  impedance) 

=  1 5k// 1  OuF  =  10.92  kohms  [o  1  Hz, 
(calculated  in  test  #21020  above) 

V(  +  )  =  Vin(Z3)/ (R133+Z3) 

=  (Vin* 10920)/( 150000+10920) 

=  0.0679  Vin, 

The  AC  output  at  pin  10  of  the  op-amp  can  now  be 
found  using  the  standard  op-amp  equation  for  the 
non- i nvert i ng  mode.  The  AC  gain  can  be  obtained  by  then 
dividing  the  output  voltage  by  the  input  voltage.  The  DC 
voltages  are  the  same  as  in  test  number  21020. 

Vo  =  V ( + ) ( 1 +Z2/Z 1 ) 

=  Vimu.  0679)  (  1  +  10.92/150) 

=  0.0726  Vin, 

AC  Gain  =  Vo/Vin  =  0.0726. 


Test  Mumper 


4!  ITuu  :  IFKi  Uu  ua  1  ri 

The  circuit  tor  this  test  is  shown  in  FiuURE  2  1 
iocated  in  APPENDIa  u .  Lieu  is  a  74  7  operational  amplifier 
which  is  used  as  a  Lossy  Integrator  and/or  a  Low  Pass 
Filter.  This  test  simply  checks  the  DC  gain  of  the  amplifier 
using  an  input  voltage  of  1.5  volts  DC.  The  voltage  at  the 
non-inverting  input  (pin  6;  can  be  found  using  the  formula 
for  the  voltage  divider  network  consisting  of  R122,  R123, 
the  5.1  vdc  source,  and  the  1.5  vdc  input  voltage. 

VC-*-)  =  [  1 .5(Rl23)+5.  1  (R122)  ] / [ R 1 22+R 1 23 ] 

=  [ ( 1 .5* 1 18000) +( 5. 1*59000) ]/[ 59000+1 18000] 

=  2.70  vdc. 

Because  this  test  only  involves  DC  ana  lysis,  the 
capacitors  in  the  circuit  can  be  ignored.  The  output 
voltage  of  U20  (pin  10)  can  be  obtained  directly  from  the 
standard  op-amp  equation  used  for  a  non-inverting  amplifier. 

Vo  =  V(  +  ) [ l  +  ( R 1 20/R 1 2 1 )  ] 

=  2. 70* [ l+( 1 18/59) ] 

=  8.10  vdc  . 

If  the  output  voltage  at  connector  pin  P2-4  is 
referenced  to  connector  pin  P2-27  which  is  at  a  potential  of 
5.1  vdc,  the  output  voltage  measured  at  connector  pin  P2-4 


« '  I  1  be  6 .  1  -j  -  5 .  1  li  =  j.uu  vac .  Th is  is  t rue  because  tner e 
is  r. o  voltage  drop  across  R1  1  o  or  Rlbu.  The  Dc  Gain  or  the 
circuit  can  be  obtained  by  simply  dividing  the  output 
voltage  by  the  input  voltage. 

DC  Gain  =  Vo/Vin  =  3.00/1.50 

=  2.0. 

6.  Test  Number  21210  :  1FKT  AC  Ripple  Gain  tl  Hz ) 

This  test  uses  the  same  circuit  as  in  test  number 
21200.  The  schematic  is  shown  in  FIGURE  21, located  in 
APPENDIX  C.  Here, the  circuit  is  tested  for  the  AC  ripple 
gain  using  an  input  of  1  Hz  at  4  volts  peak  to  peak.  The 
input  is  applied  to  connector  pin  P2-28  referenced  to  P2-29. 
The  voltage  at  the  non-inverting  input  (pin  6)  can  be 
obtained  using  the  voltage  divider  rule  as  follows. 

V(+)  =  (5. 1*R122)/(R122+R123) 

=  (5. 1*59)/U  18+59) 

=  1.70  vdc „ 

The  DC  output  of  the  op-amp  due  to  this  voltage  can 
be  obtained  using  the  equation  for  a  non-inverting  op-amp. 

Vo(DC)  =  V(  +  )[ 1+R120/R121  ] 


I  . 7 ( 1  +  l 18/59) 


5 .  1  vdc  . 


;he  feedback  impedance,  Z<-  ,  of  the  op-amp  consists 
or  Hl^u  in  para l 'el  with  C12.  The  equivalent  impedance  at  a 
frequency  of  1  Hz  i s  calculated  below. 

Z2  =  (R120//C12)  =  [  1  i80Q0//(  l/10E-bs)  ] 

=  ( 1  18000/ 1 QE-6s ) / ( 118000+1/1  0E-6s) 

=  1  1 8000/ (  1  . 1 8s+  1  ) .  ( 2  ) 

Let  s  =  jw  =  j  (  2  *  1~T*F  ) 

=  3(2*3. 14*1 ) 

=  jb . 28 . 

Z2  =  1 1 8000/ ( 1 . 18* j6. 28+1 ) 

=  1  18000/C  1  +  j 7 . 4 1  0  ). 

!Z2:  =  l  18000/ ! ( l  +  j  7 .410) ! 

=  118000/7.480 
=  15770  ohms. 

The  output  of  the  op-amp  is  obtained  next  by  using 
the  standard  op-amp  equation  for  an  inverting  amplifier. 

Vo  =  -V i n (Z2/Z 1 ) 

=  -V i n ( 15.77/59) 


=  -V  i  n  (  0 . 267  ), 

Vin  is  the  input  signal  "A" 


^4 


AC  6a i n 


=  vo/  V  i  n 

=  { -0 . 267V i n ) / V i n 


=  -0.267. 


7.  Test  Number  21220  :  I FKT  AC  Ripple  Gain  i 10  Hz) 

This  test  is  identical  to  the  previous  test  (number 
21210)  with  the  input  frequency  changed  to  10  Hz  instead  of 
1  Hz.  This  changes  the  equivalent  resistance  of  the 
feedback  circuit  Z2 . 

From  equation  2:  Z2  =  1 1 8000/ ( 1 . 1 8s+ 1 ) 
where  s  =  jw  a  j(2*TT*10)  =  j62.6J- 

Z2  =  1 18000/C  1  .  18* j62.83+l > 

=  1 18000/( l+j74. 14) . 

! Z2 |  =  1180  '0/1 ( 1 + j  74 .  14)  ! 

=  118000/74.15 
=  1590  ohms. 


The  output  voltage  can  now  be  recalculated  using  this 
impedance  as  follows.  The  DC  voltages  are  the  same  as  in 


test  number  21210. 
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Vo  =  -V  i  n  (22/  Z  1  ) 

=  -V i n ( 1 590/59000 ) 

=  -V i n ( 0 . 0269 ) 

AC  Gain  =  Vo/Vin  =  -0.0269. 

8.  Test  Number  21230  :  1FKT  AC  Ripple  Gain  (1  Hz) 

Test  number  21230  is  a  repeat  of  test  number  21210 
with  the  input  signal  reversed.  The  schematic  is  shown  in 
FIGURE  21  located  in  APPENDIX  C.  The  magnitude  of  the 
signal  is  still  4  volts  peak  to  peak.  The  analysis  for  this 
test  is  somewhat  different  from  that  of  the  previous  tests. 
Because  the  input  signal  (SIG.  A)  is  applied  to  connector 
pin  P2-29  and  referenced  to  connector  pin  P2-28,  the  op-amp 
acts  as  a  non- i nvert i ng  amplifier.  The  AC  voltage  at  the 
non-inverting  input  of  the  op-amp  (pin  6)  must  be  found 
using  the  voltage  divider  rule.  The  5.1  vdc  source  at  node 
C  is  assumed  to  be  ground  for  AC  ana  1 ys i s . 

Let  23  =  R123//C13 

=  R120//CI2  =  Z2  (feedback  impedance) 

=  1 1 8k/ / 1 OuF  -  15.77  kohms  @  1  Hz  „ 
(calculated  in  test  #21210  above) 

V(+)  =  Vin(Z3)/(R133+Z3) 

=  (Vin* 15770)/ (59000+15770) 


0.2109  V i n 


o 


The  AC  output  at  pin  10  of  the  op-amp  can  now  oe 
round  using  the  standard  op-amp  equation  for  the 
non- i nverting  mode.  The  AC  gain  can  be  obtained  by  then 
dividing  the  output  voltage  by  the  input  voltage.  The  DC 
voltages  are  the  same  as  in  test  number  21210. 

Vo  =  V(  +  ) ( 1+Z2/Z1 ) 

=  Vin(0. 2109) ( 1+15.77/59) 

=  0 . 2670  V i n  . 

AC  Gain  =  Vo  /  Vin  =  0.2670. 

9.  Test  Number  21400  ;  1FMT  DC  Gain 

The  circuit  for  this  test'  is  shown  in  FIGURE  25 
located  in  APPENDIX  C.  U22  is  a  747  operational  amplifier 
which  is  used  as  a  Lossy  Integrator  and/or  a  Low  Pass 
Filter.  This  test  simply  checks  the  DC  gain  of  the  amplifier 
using  an  input  voltage  of  1.5  volts  DC.  The  voltage  at  the 
non-inverting  input  (pin  6)  can  be  found  using  the  formula 
for  the  voltage  divider  network  consisting  of  RIQ7,  R108, 
the  5.1  vdc  source,  and  the  1.5  vdc  input  voltage. 

V(  +  )  =  [ 1 .5(Rl08)+5. 1 (R107) ] / [ R 1 08  +  R  1  07 ] 

=  [(1.5" l 05000 ) + ( 5 . 1*59000) ]/[ 59000+ 1 05000 ] 


2 . 80  vdc . 


Because  tn i b  t^st  oniy  involves  Do  ans 1 ys i s ,  tne 
capacitor  s  in  tne  circuit  can  be  ignored.  The  output 
voltage  or  U22  (pin  10)  can  be  obtained  directly  from  the 
standard  op-amp  equation  used  for  a  non-inverting  amplifier. 

Vo  =  V(+>[ 1  +  ( R  1 05/R 1 06 ) ] 

=  2 . 80 * [  l  +  ( 105/59) ] 

=  7.77  vdc  . 

If  the  output  voltage  at  connector  pin  P2-31  is 
referenced  to  connector  pin  P2-27  which  is  at  a  potential  of 
5.1  vdc,  the  output  voltage  measured  at  connector  pin  P2-3 1 
will  be  7.77  -  5.10  =  2.67  vdc.  This  is  true  because  there 
is  no  voltage  drop  across  R 1 04  or  R160.  The  DC  Gain  of  the 
circuit  can  be  obtained  by  simply  dividing  the  output 
voltage  by  the  input  voltage. 

DC  Gain  =  Vo/Vin  =  2.67/1.50 
=  1.78. 

10.  Test  Number  21410  :  1FNT  AC  Ripple  Gain  (1  Hz) 

This  test  uses  the  same  circuit  as  in  test  number 
2  1400.  The  schematic  is  shown  in  FIGURE  25,  located  in 
APPENDIX  C.  Here  the  circuit  is  tested  for  the  AC  ripple 
gain  using  an  input  of  1  Hz  at  4  volts  peak -to-peak .  The 


2  8 

input  is  applied  to  connector  pin  PP- 30  referenced  to  PZ-5. 
i he  voltage  at  the  non- i n vert i ng  input  (pin  6j  can  oe 
obtained  using  the  voltage  divider  rule  as  f o I  lows. 

V(  +  )  =  (5. 1 *R 1 07 ) / (R107+R108) 

=  (5. l*59)/( 105+59) 

=  1.84  vdc  . 

The  DC  output  of  the  op-amp  due  to  this  voltage  can 
be  obtained  using  the  equation  for  a  non- i nvert i ng  op-amp. 

Vo ( DC )  =  V<+) [ 1+R105/R106] 

=  1.84(1+105/59) 

=  5.1  vdc  . 

The  feedback  impedance,  Z 2,  of  the  op-amp  consists 
of  R105  in  parallel  with  CIO.  The  equivalent  impedance  at  a 
frequency  of  1  Hz  is  calculated  below. 

Z2  =  (R105//C10)  =  [ 105000//( 1/10E-6S) ] 

=  ( 105000/ 10E-6s)/( 105000+ 1/10E-6S) 

=  105000/ (  1 .05s+’.  )  .  (3) 

Let  s  =  jw  =  j(2*77’*F) 

=  j ( 2  *  3 . 14*1  ) 


j6.28  . 
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Z2  =  1 uSOuO/ ( 1 . 05* j6 . 28+ 1 ) 

=  1 05000/ ( l + jb . 597 ) . 

J  ZZ :  =  1 05000/ ;  (  l  +  jb.957)  | 

=  105000/6.673 
=  15.7  kohms . 

The  output  of  the  op-amp  is  obtained  next  by  using 
the  standard  op-amp  equation  for  an  inverting  amplifier. 

Vo  =  -V i n ( Z2/Z 1 ) 

=  -V i n ( 15.70/59) 

=  ~Vin( 0.266). 

Vin  is  the  input  signal  "A" 

AC  Gain  =  Vo/ V i n 

=  (-0.266‘Vin)/Vin 
=  -0.266. 

11.  Test  Number  21420  :  IFMT  AC  Ripple  Gain  (10  Hz) 

This  test  is  identical  to  the  previous  test  (number 
21410)  with  the  input  frequency  changed  to  l 0  Hz  instead  of 
1  Hz.  This  changes  the  equivalent  resistance  of  the 


feedback  circuit  Z2 . 


F  rom  equat  i  on  3  :  /lZ 


105000/1 1 . u5s+ 1 i 
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where  s  =  jw  -  j(2*7T*10)  =  jb2.8j. 

Z2  =  105000/(1.05*  j62 -83+1 ) 

=  1  05000/ ( l+j65. 97). 

1  Z2  1  =  105000/i ( l+j65.97) 1 
=  105000/65.98 
=  1590  ohms. 

The  output  voltage  can  now  be  recalculated  using 
this  impedance  as  follows.  The  DC  voltages  are  the  same  as 
in  test  number  21410. 


Vo  =  -V i n ( Z2/Z 1 ) 

=  -V in( 1 590/59000) 

=  -V  i  n  ( 0 . 0269 ), 

AC  Gain  =  Vo/Vin  =  -0.0269, 

12.  Test  Number  21430  :  1FMT  AC  Ripple  Gain  (1  Hz) 

Test  number  21430  is  a  repeat  of  test  number  21410 
with  the  input  signal  reversed.  The  schematic  is  shown  in 
FIGURE  25, located  in  APPENDIX  C.  The  magnitude  of  the 
signal  is  still  4  volts  peak- to-peak .  The  analysis  for  this 
test  is  somewhat  different  from  that  of  the  previous  tests. 


Because  the  input  signal  (Slu.  A)  is  applied  to  connector 


pin  P2-5  and  referenced  to  connector  pin  P2-30,  the  op-amp 
acts  as  a  non-inverting  amplifier.  The  AC  vo i tage  at  the 
non-inverting  input  of  the  op-amp  (pin  6)  must  be  found 
using  the  voltage  divider  rule.  The  5.1  vdc  source  at  node 
C  is  assumed  to  be  ground  for  AC  analysis. 

Let  Z3  =  R108//C1 1 

=  R105//C1Q  =  Z2  (feedback  impedance) 
=  105k//lQuF  =  15.70  kohms  I?  1  Hz, 
(calculated  in  test  #21410  above) 

V(  +  )  =  Vin(Z3)/(R107+Z3) 

=  ( V i n* 1 5 . 7) / ( 59+ 1 5 . 7 ) 

=  0.210  Vin  . 

The  AC  output  at  pin  10  of  the  op-amp  can  now  be 
found  using  the  standard  op-amp  equation  for  the 
non-inverting  mode.  The  AC  gain  can  be  obtained  by  then 
dividing  the  output  voltage  by  the  input  voltage.  The  DC 
voltages  are  the  same  as  in  test  number  21410. 

Vo  =  V(+) ( 1+Z2/Z1 ) 

=  V i n ( 0 . 2 1 0 ) ( 1+15.7/59) 

=  0.266  Vin. 

AC  Gain  =  Vo/Vin  =  0.266. 
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E.  DC  Threshold  Tests 

1.  Test  Number  21050  :  VBhH  Threshold  Input  Voltage 

The  circuit  for  this  test  is  shown  in  FIGURE  20  , 
located  in  APPENDIX  C.  The  output  of  op-amp  U2 1  (pin  10), 
which  was  tested  previously,  is  connected  to  the  inverting 
input  of  U21  (pin  1).  This  half  of  U2 1  acts  as  a 
comparator.  The  input  voltage  is  applied  to  connector  pin 
P2-2  referenced  to  P2-3  and  is  decremented  in  10  mvdc  steps 
starting  with  -5.0  vdc  until  the  output  of  the  comparator 
switches  logic  states.  The  output  of  the  comparator  is 
connected  to  an  opto- i so  1 ator  Q39  which  directly  controls 
the  TTL  output  at  connector  pin  PI -48.  The  output  voltage 
swing  of  the  op-amp  U2 1  can  be  calculated  using  the  sum  of 
the  inverting  and  non- i nvert i ng  gain  equations  for  op-amps. 

Output  voltage  due  to  inverting  input  (pin  7): 

Vo+  =  -V i n* ( R 1 3 1 /R 1 32 )  =  -Vi n" ( 1 5/ 1 50) 

=  -0.1  Vin  where  -9 . 0< V i n<-5 . 0  . 

Output  voltage  due  to  non- i nvert i ng  input  (pin  6): 

Vo-  =  V(+)*( 1+R131/R132) 

=  [(5.1 *R133)/(R133+R134) ]*[ 1+R  133/R1 32] 

=  [<5. 1*150 )/( 150+15) ]*[ 1+15/150] 


5 . I  vdc 


S3 

Total  output  voltage  at  pin  10: 

Vo  =  (  Vo-r  )  +  (  Vo- )  •=  5.  1-0- 1  “Vi  n. 

The  comparator  works  like  a  Schmitt  trigger.  When 
the  voltage  at  the  inverting  input  is  greater  than  the 
voltage  at  the  non-inverting  input,  then  the  output  is 
approx i mate i y  equal  to  -Vcc  (0  vdc ) .  Otherwise  the  output 
is  approx i mate  1 y  equal  to  +  Vcc  (26  vdc,  see  schematic).  The 
voltage  at  the  non- i nvert i ng  input  is  controlled  by  the  5.78 
vdc  source  at  node  H  and  the  output  voltage  at  pin  12.  The 
voltage  divider  rule  can  be  used  to  obtain  this  voltage. 

V<+)  =  [ (5.78*R137)+(Vo“R136) ] / [ R 1 36+R I  3 7 ] 

=  [ (5. 78*2200)+(Vo“10) ] / [ 2200+ 1 0 ] 

=  5 . 754+ ( Vo/22  1  ) . 

For  Vo  =  0  vdc  :  V<+)  =  5.754  vdc  V(-)  >  V(+). 

Vo  =  26  vdc  :  V ( + )  =  5.871  vdc  V(-)  <  V(  +  ). 

This  difference  in  the  V(+)  voltage  levels  creates  a 
window  for  threshold  voltages  to  fall  into.  In  other  words, 
if  the  output  voltage  of  the  comparator  is  0  vdc  then  the 
trigger  voltage  needed  at  pin  1  will  be  5.754  vdc.  When  the 
output  voltage  is  26  vdc^then  the  trigger  level  will  be 
5.871  vdc.  FIGURE  1  illustrates  these  results  using  arrows 


to  indicate  the  direction  in  which  the  voltage  V(~;  is 
e i then  f a  I  I  i ng  or  r i s i ng . 

When  V(-)  is  0  vdc  the  output  of  the  comparator  is 
approximately  26  vdc.  When  V(-)  increases,  the  output  wili 
swing  to  0  vdc  at  V ( — )  equal  to  5.871  vdc.  When  V(-)  starts 
to  decrease  from  this  point,  it  must  reach  5.754  vdc  for  the 
output  to  swing  high  again. 

The  voltage  at  V(-)  (pin  1)  is  equal  to  the  output 
voltage  of  the  op-amp  due  to  the  fact  that  approximately  no 
current  flows  into  the  input  of  an  op-amp  so  no  voltage  drop 
occurs  across  R135.  This  voltage  is  obtained  from  the 
equation  derived  above  for  the  output  of  the  op-amp  (pin 
10).  The  input  voltage  at  connector  pin  P2-2  ranges  from 
-5.0  vdc  to  -9.0  vdc. 
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For  Vin  =  -5.0  : 

Vo  = 

5.6 

vdc 

Vin  =  -9.0  : 

Vo  = 

6.0 

vdc 

Step  size  =  0.1* 

1  0  mv 

=  1 

mvdc 

Therefore, V (- )  increments  from  5.6  vdc  to  6.0  vdc  in 
1  mvdc  steps.  Since  the  initial  voltage  of  V(-)  is  less 
than  that  of  V(+),  the  output  voltage  at  pin  12  will  be 
approximately  26  vdc  and  the  trigger  voltage  will  be  5.871 
vdc.  By  working  backwards  with  the  above  output  equation 


I 
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for  Vo,  the  threshold  voltage  needed  to  cause  the  comparator 
to  switch  states  can  be  obtained. 

Vo  =  5. 1-0.1  Vin 
5.871  =  5.  1-0.  1  Vin 
Vin  =  (5.  1-5. Q71  )/0.  1 
=  -7.7  vdc  . 

The  output  of  the  comparator  directly  controls  the 
TTL  output  at  connector  pin  PI -48.  The  initial  state  of  the 
comparator  is  high  which  causes  Q39  to  be  turned  on.  This 
causes  PI -48  to  be  shorted  to  ground  and  a  TTL  logic  0  will 
be  measured.  When  the  threshold  voltage  is  reached  and  the 
comparator  switches  to  a  low  state, Q39  will  turn  off.  The 
pullup  resistor  R139  will  then  cause  Pl-48  to  be  at  5  vdc  or 
TTL  logic  1 . 

2.  Test  Number  21240  :  1 FKL  Threshold  Input  Voltage 

The  circuit  for  this  test  is  shown  in  FIGURE  22, 
located  in  APPENDIX  C.  The  output  of  op-amp  U20  (pin  10), 
which  was  tested  previously,  is  connected  to  the  inverting 
input  of  U 20  (pin  l).  This  half  of  U20  acts  as  a 
comparator.  The  input  voltage  is  applied  to  connector  pin 
P2-29  referenced  to  P2-28  and  is  incremented  in  10  mvdc 
steps, start i ng  with  0.0  vdc  until  the  output  of  the 
comparator  switches  logic  states.  The  output  of  the 
comparator  is  connected  to  an  opto- i sol ator  Q38  which 


* 
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direct iy  controls  the  TTL  output  at  connector  pin  PI-47. 


The  output  voltage  swing  or  the  op-amp  U2Q  can  be  calculated 
using  the  non- i nvert i ng  gain  equat i on  for  op-amps . 

Output  voltage  due  to  non- i nvert i ng  input  (pin  6): 

Vo-  =  V(+) * ( 1+R120/R 121) 

=  [(5. l*R122)+(Vin*R123) }/[R122+R122] 

*( 1+R120/R12  1  ) 

=  [  (5.  l*59)  +  <  VinM  18)  ]/[  1  18  +  59]  *  <  1  +  1  18/59) 

=  ( 0 . 667 *V i n+ 1 . 7 ) * ( 3 ) 

=  5 . 1 +2  * V i n  . 

The  comparator  works  1  ike  a  Schmitt  trigger.  When 
the  voltage  at  the  inverting  input  is  greater  than  the 
voltage  at  the  non- i nvert i ng  input,  then  the  output  is 
approx i mate  1 y  equal  to  -Vcc  (0  vdc ) .  Otherw i se, the  output 
is  approximately  equal  to  +Vcc  (26  vdc,  see  schematic).  The 
voltage  at  the  non-inverting  input  is  controlled  by  the  6.67 
vdc  source  at  node  G  and  the  output  voltage  at  pin  12.  The 
voltage  divider  rule  can  be  used  to  obtain  this  voltage. 

V ( + )  =  [ (6.67«R127)+(Vo*Rl26) ] / [ R 1 26+R 1 27 ] 

=  [ (6.67*220Q)+(Vo* 10) ]/[ 2200+10] 


6 . 64+ ( Vo/22  1 ) 
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For  v/o  =  u  vdc  :  vl  +  ;  =  b.e>4u  vac  v(-i  V(t  >. 

vo  --  2c  vdc  :  v  ( + )  =  6.758  vdc  \/ 1  ;  <•  v  (.  r 

This  difference  in  the  V(  +  )  voltage  levels  creates  a 
window  for  threshold  voltages  to  fall  into.  in  other  words, 
if  the  output  voltage  of  the  comparator  is  0  vdc, then  the 
trigger  voltage  needed  at  pin  1  will  be  6.640  vdc.  When  the 
output  voltage  is  26  vdc, then  the  trigger  level  wi  I  1  be 
6.758  vdc.  FIGURE  2  i I lustrates  these  results  using  arrows 
to  indicate  the  direction  i  r.  which  the  voltage  y(-j  is 
e i ther  fa  I  I  i ng  or  r is i ng . 

When  V(-)  is  0  vdc, the  output  of  the  comparator  is 
approx i mate  1 y  26  vdc.  When  V(-)  increases,  the  output  will 
swing  to  0  vdc  at  V  ( - )  equal  to  6.758  vdc.  When  V ( —  >  starts 
to  decrease  from  this  point,  it  must  reach  6.640  vdc  for  the 
output  to  swing  high  again. 

The  voltage  at  V(-)  (pin  1)  is  equal  to  the  output 
voltage  of  the  op-amp  due  to  the  fact  that  approximately  no 
current  flows  into  the  input  of  an  op-amp  so  no  voltage  drop 
occurs  across  R125.  This  voltage  is  obtained  from  the 
equation  derived  above  for  the  output  of  the  op-amp  (pin 
10).  The  input  voltage  at  connector  pin  P2-29  ranges  from 


0 . 0  vdc  to  1.0  vdc . 
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v(.— ;  =  vo  -  5 .  1 +2 . 0 " v i n  . 


F  or 

Vin  = 

o 

o 

Vo  = 

5  .  1 

vdc 

Vin  = 

1.0  : 

Vo  = 

8.  1 

vdc 

Step 

s  i  ze 

=  2.0 

»  1 0 

mv  = 

20  mvdc 

Therefore , V (- )  increments  from  5.1  vdc  to  8.1  vdc  in 
20  mvdc  steps.  Since  the  initial  voltage  of  V(-)  is  less 
than  that  of  V(  +  ),  the  output  voltage  at  pin  12  will  be 
approximately  26  vdc  and  the  trigger  vo 1 tage  will  be  6.758 
vdc.  By  working  backwards  with  the  above  output  equation 
for  Vo,  the  threshold  voltage  needed  to  cause  the  comparator 
to  switch  states  can  be  obtained. 

Vo  =  5.  1 +  2 . 0  *  V i n 
6.758  =  5.  1  +2 . 0* V i n  - 

Vin  =  (6.758-5. 1 )/2.0  =  0.829  vdc. 

The  output  of  the  comparator  directly  controls  the 
TTL  output  at  connector  pin  PI -47.  The  initial  state  of  the 
comparator  is  high  which  causes  Q38  to  be  turned  on.  This 
causes  Pl-47  to  be  shorted  to  ground  and  a  TTL  logic  0  will 
be  measured.  When  the  threshold  voltage  is  reached  and  the 
comparator  switches  to  a  low  state  Q38  will  turn  off.  The 
pullup  resistor  R128  will  then  cause  Pl-47  to  be  at  5  vdc  or 


TTL  logic  1 
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3.  Test  Number  21Z5u  :  iFKH  Threshold  input  Voltage 

The  circuit  schematic  For  this  test  is  shown  in 
FIGURE  Z3*  located  in  APPEND  I  a  C.  The  op-amp  U20  used  in  the 
previous  test  is  used  here  also  as  the  first  stage  of  this 
test.  The  results  from  the  above  analysis  are  shown  below. 

Vo(pin  10)  =  5.1+2*Vin. 

The  second  stage  of  the  circuit  consistiof  U22  which 
is  used  as  a  comparator  or  a  Schmitt  trigger.  When  the 
voltage  at  the  inverting  input  is  greater  than  the  voltage 
at  the  non-inverting  input,  then  the  output  is  approximately 
equal  to  -Vcc  (0  vdc ) .  Otherw i se, the  output  is 
approximately  equal  to  +Vcc  (26  vdc,  see  schematic).  The 
voltage  at  the  inverting  input  (pin  1)  is  controlled  by 
zener  diode  VR l 7  which  holds  the  voltage  at  18  volts.  The 
voltage  at  the  non-inverting  input  is  controlled  by  the 
output  of  the  first  stage  op-amp  and  the  output  voltage  at 
pin  12.  The  voltage  divider  rule  can  be  used  to  obtain 
this  voltage. 

V(  +  )  =  [ (Vin'Ri 1 7)+(Vo*Rl 16) J/[R1 16+R1 17] 

=  [  ( V  i  n  *  1800)  + (Vo* 10) ]/£ 1800+10] 

=  0 . 994*V i n+Vo/ 1 8  1  . 

Note .  V ( + )  =  pin  2;  Vo  =  pin  12;  Vin  =  pin  10. 
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The  switching  voltage  tor  trie  comparator  i  s  at  j  \  +  ; 
equal  to  16  vdc .  By  setting  the  above  equation  to  this 
value,  and  by  setting  Vo  to  either  0  or  2b  vdc,  the  window 
values  for  the  input  trigger  voltages  can  be  obtained. 

Vo=  0  :  18  =  0. 994*Vin+0/ 181  Vin  =  18.1  vdc. 

Vo=26  :  18  =  0. 994»Vin+26/ 181  Vin  =  17.96  vdc. 

This  difference  in  the  Vin  voltage  levels  creates  a 
window  for  threshold  voltages  to  fall  into.  In  other  words, 
if  the  output  voltage  of  the  comparator  is  0  vdc,  then  the 
trigger  voltage  needed  at  pin  10  will  be  18.10  vdc.  When 
the  output  voltage  is  26  vdc,  then  the  trigger  level  will  be 
17.96  vdc.  FIGURE  3  illustrates  these  results  using  arrows 
to  indicate  the  direction  in  which  the  voltage  V(-)  is 
either  falling  or  rising. 

The  initial  voltage  input  is  3.0  volts  which 
corresponds  to  an  output  voltage  of  11. I  volts  at  pin  10  of 
U20  (see  above  equation).  By  looking  at  the  equation 
obtained  for  V(  +  )  at  pin  2  of  the  comparator,  it  can  be  seen 
that  initially  V(-)  will  be  greater  than  V(+)  which  causes 
the  output  at  pin  1 2  to  be  low  or  approx i mate  I y  0  volts. 

The  trigger  voltage  needed  at  pin  10  or  U20  is  therefore 
18.1  vdc  (see  above).  By  working  backwards  with  the  output 
equation  derived  for  U20,  the  threshold  voltage  needed  at 


P2-29  can  be  calculated 
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18.1  =  2 . 0*  V i n+5 .  1 
V i n  =  (  18.  1-5.  1 )/2 
=  6.5  vdc , 

The  output  of  the  comparator  directly  controls  the 
TTL  output  at  connector  pin  PI -22.  The  initial  state  of  the 
comparator  is  low,  which  causes  opto- i so  1 ator  Q3  7  to  be 
turned  off.  This  causes  Pl-22  to  be  pulled  up  by  R118  to  +5 
vdc  or  logic  1.  When  the  threshold  voltage  at  P2-29  reaches 
6.5  vdc,  the  comparator  switches  states  and  Q37  turns  on. 
This  causes  Pl-22  to  be  shorted  to  ground  and  a  logic  0  will 
be  measured. 

4.  Test  Number  21440  :  IFML  Threshold  Input  Voltage 

The  circuit  for  this  test  is  shown  in  FIGURE  26, 
located  in  APPENDIX  C.  The  output  of  op-amp  U22  (pin  10), 
which  was  tested  previously,  is  connected  to  the  inverting 
input  of  U23  (pin  1).  Th i s  ha  1 f  of  U23  acts  as  a 
comparator.  The  input  voltage  is  applied  to  connector  pin 
P2-30  referenced  to  P2-5  and  is  decremented  in  10  mvdc  steps 
starting  with  0.0  vdc  until  the  output  of  the  comparator 
switches  logic  states.  The  output  of  the  comparator  is 
connected  to  an  opto- i so  1 ator  Q36  which  directly  controls 
the  TTL  output  at  connector  pin  PI -45.  The  output  voltage 
swing  of  the  op-amp  U22  can  be  calculated  using  the  sum  of 
the  non-inverting  and  the  inverting  gain  equations  for 


op-amps . 
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Voltage  at  non-inverting  input  ipi  n  6): 
V(  +  )  =  5. 1 (P107)/(R107+R108) 

=  5. 1 ( 59 ) / ( 59+ 1 05 ) 

=  1.835  vdc . 


Output  vo 
Vo  = 


tage  due  to  input  voltage  and  V(  +  ): 
V  ( + ) ( l+R105/R106)-Vin(R105/R106) 

1 .835( 1+1 05/ 59)-Vin( 105/59) 


=  5.1-1 . 78*  V i n 

‘ 

where  -1.3  <  Vin  0.0  step  size  is  10  mv. 


The  comparator  works  like  a  Schmitt  trigger.  When 
the  voltage  at  the  inverting  input  is  greater  than  the 
voltage  at  the  non-inverting  input,  then  the  output  is 
approximately  equal  to  -Vcc  (0  vdc).  Otherwise  the  output 
is  approximately  equal  to  +Vcc  (26  vdc,  see  schematic).  The 
voltage  at  the  non- i nvert i ng  input  is  controlled  by  the  6.67 
vdc  source  at  node  F  and  the  output  voltage  at  pin  12.  The 
voltage  divider  rule  can  be  used  to  obtain  this  voltage. 


V(+)  =  [ (6.67»R1 1 1 )+(Vo*Rl 10) ]/[Rl 10+R1 1 1 ] 
=  t (6.67*2200)+(Vo* 10) ]/[2200+10] 


6 . 64+ ( Vo/ 22 1  ) . 
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For  Vo  =  0  vdc  :  V(+)  =  6.640  vdc 
Vo  =  26  vdc  :  V(+)  =  6.758  vdc 


V  (  -  )  ->  V  (  +  )  . 
V(-)  <  V (  +  ) . 


This  difference  in  the  V(+)  voltage  levels  creates  a 
window  for  threshold  voltages  to  fall  into.  in  other  words, 
if  the  output  voltage  of  the  comparator  is  0  vdc, then  the 
trigger  voltage  needed  at  pin  1  will  be  6.640  vdc.  When  the 
output  voltage  is  26  vdc,  then  the  trigger  level  will  be 
6.758  vdc.  FIGURE  4  illustrates  these  results  using  arrows 
to  indicate  the  direction  in  which  the  voltage  V(-)  is 
either  f a  1  1  i ng  or  rising. 

When  V ( — )  is  0  vdc, the  output  of  the  comparator  is 
approx i mate  1 y  26  vdc.  When  V(-)  increases,  the  output  will 
swing  to  0  vdc  at  V(-)  equal  to  6.758  vdc.  When  V(-)  starts 
to  decrease  from  this  point,  it  must  reach  6.640  vdc  for  the 
output  to  swing  high  again. 

The  voltage  at  V(-)  (pin  1)  is  equal  to  the  output 
voltage  of  the  op-amp  due  to  the  fact  that  approximately  no 
current  flows  into  the  input  of  an  op-amp  so  no  voltage  drop 
occurs  across  R109.  This  voltage  is  obtained  from  the 
equation  derived  above  for  the  output  of  the  op-amp  (pin 
10).  The  input  voltage  at  connector  pin  P2-30  ranges  from 


0 . 0  vdc  to  -1.3  vdc . 


r 
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V(-)  =  Vo  =  5.1-1.78  Vin. 

For  Vin  =  0.0  :  Vo  =  5.1  vdc 

Vin  =  -1.3  :  Vo  =  7.41  vdc . 

Step  size  =  1.78*10  mv  =  17.8  mvdc . 

Therefore, V( - )  increments  from  5.1  vdc  to  7.41  vdc 
in  17.8  mvdc  steps.  Since  the  initial  voltage  of  V(-)  is 
less  than  that  of  V(  +  ),  the  output  voltage  at  pin  12  will  be 
approx i mate  1 y  26  vdc  and  the  trigger  voltage  will  be  6.758 
vdc.  By  working  backwards  with  the  above  output  equation 
for  Vo,  the  threshold  voltage  needed  to  cause  the  comparator 
to  switch  states  can  be  obtained. 

Vo  =  5.1-1 . 78* V i n 
6.758  =  5. 1-1 . 78*V i n 

Vin  =  -(6. 758-5. 1 )/ 1 . 78 
=  -0.933  vdc 

The  output  of  the  comparator  directly  controls  the 
TTL  output  at  connector  pin  PI -45.  The  initial  state  of  the 
comparator  is  high  which  causes  opto- i sol ator  Q36  to  be 
turned  on.  This  causes  PI -45  to  be  shorted  to  ground  and  a 
TTL  logic  0  will  be  measured.  When  the  threshold  voltage  is 


reached  and  the  comparator  switches  to  a  low  state,  Q36  will 
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turn  off.  The  pu I  1  up  resistor  R 1  1 3  will  then  cause  Pi-45  to 
be  at  5  vdc  or  TTL  logic  1. 

5.  Test  Number  21450  :  IFMH  Threshold  Input  Voltage 

The  circuit  schematic  for  this  test  is  shown  in 
FIGURE  27,  located  in  APPENDIX  C.  The  op-amp  U22  used  in  the 
previous  test  is  used  here  also  as  the  first  stage  of  this 
test.  The  results  from  the  above  analysis  are  shown  below. 

Vo (pin  10)  =  5.1-1.78*Vin. 

The  second  stage  of  the  circuit  consist  of  U 23  which 
is  used  as  a  comparator  or  a  Schmitt  trigger.  When  the 
voltage  at  the  inverting  input  is  greater  than  the  voltage 
at  the  non-inverting  input,  then  the  output  is  approx i mate  1 y 
equal  to  -Vcc  (0  vdc).  Otherwise  the  output  is 
approximately  equal  to  +Vcc  (26  vdc,  see  schematic).  The 
voltage  at  the  inverting  input  is  connected  to  10.2  volts 
through  the  voltage  regulator.  The  voltage  at  the 
non-inverting  input  (pin  6)  is  controlled  by  the  output  of 
the  first  stage  op-amp  and  the  output  voltage  at  pin  10. 

The  voltage  divider  rule  can  be  used  to  obtain  this  voltage. 

V(+)  =  [ (Vin-RlOl )+(Vo«Rl 1 02 ] / [ R 1 0 1 +R 1 02 ] 

=  [ (Vin»2000)+(Vo»10) ]/[2000+10] 

=  0 . 995 " V i n+Vo/20 1 . 

Note:  V(  +  )  =  pin  2;  Vo  =  pin  12;  Vin  =  pin  10. 
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The  switching  voltage  for  the  comparator  is  at  V(  +  ) 
equal  to  10.2  vdc.  By  setting  the  above  equation  to  this 
value,  and  by  setting  Vo  to  either  0  or  26  vdc,  the  window 
values  for  the  input  trigger  voltages  can  .,e  obtained. 

Vo=0  :  10.2  =  0. 995*Vin+0/201  Vin  =  10.25  vdc. 

Vo  =  2b  :  10.2  =  0.995*Vin+26/201  Vin  =  10.12  vdc. 

This  difference  in  the  Vin  voltage  levels  creates  a 
window  for  threshold  voltages  to  fall  into.  In  other  words, 
if  the  output  voltage  of  the  comparator  is  0  vdc,  then  the 
trigger  voltage  needed  at  pin  10  will  be  10.25  vdc.  When 
the  output  voltage  is  26* vdc  then  the  trigger  level  will  be 
10.12  vdc.  FIGURE  5  illustrates  these  results  using  arrows 
to  indicate  the  direction  in  which  the  voltage  V(-)  is 
either  falling  or  rising. 

The  initial  voltage  input  is  -1.0  volts  which 
corresponds  to  an  output  voltage  of  6.88  volts  at  pin  10  of 
U22  (see  above  equation).  By  looking  at  the  equation 
obtained  for  V(+)  at  pin  6  of  the  comparator,  it  can  be  seen 
that  initially  V(-)  will  be  greater  than  V(  +  )  which  causes 
the  output  at  pin  10  to  be  low  or  approximately  0  volts. 

The  trigger  voltage  needed  at  pin  10  of  U22  is  therefore 
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10.25  vdc  (see  above).  By  working  backwards  with  the  output 
equation  derived  for  U22,  the  threshold  voltage  needed  at 
P2-30  can  be  calculated. 

10.25  =  5.1-1 . 78* V i n 

Vin  =  -( 10.25-5. 1 ) / 1 . 78 
=  -2.89  vdc. 


The  output  of  the  comparator  directly  controls  the 
TTL  output  at  connector  pin  PI -46.  The  initial  state  of  the 
comparator  is  low  which  causes  opto- i so  I ator  Q35  to  be 
turned  off.  This  causes  PI -46  to  be  pulled  up  by  R100  to  +5 
vdc  or  TTL  logic  1.  When  the  threshcld  voltage  at  P2-30 
reaches  -2.89  vdc,  the  comparator  switches  states  and  Q35 
turns  on.  This  causes  PI -46  to  be  shorted  to  ground  and  a 
TTL  logic  0  will  be  measured. 

F.  i FKL  TTL  Output  Tests 
1.  Test  Number  21260  :  I FKL  TTL  Output 

This  test  uses  the  same  circuit  used  in  test  number 
21240  and  is  reproduced  in  FIGURE  24,'ocated  in  APPENDIX  C. 
The  circuit  analysis  is  exactly  identical  to  that  of  test 
number  21240  with  the  exception  that  the  input  voltage  is 
not  incremented.  Because  this  is  simply  a  TTL  output  test, 
the  input  voltage  remains  a  constant  which  is  0  volts  in 
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this  case.  The  output  equation  derived  for  op-amp  U20  is 
used  below  to  obtain  the  output  at  pin  10. 

Vo(pin  10)  =  5 . 1 +2 . 0*V i n  where  Vin  =  0  vdc 

=  5.1  vdc. 

The  trigger  voltages  obtained  for  the  comparator  U20 
where  6.64  and  6.76  volts  which  are  both  greater  than  5.1 
volts.  This  means  that  the  voltage  at  the  non- i nvert i ng 
input  of  the  comparator  will  be  greater  than  the  voltage  at 
the  inverting  input.  The  output  of  the  comparator  at  pin  12 
will  then  be  approx i mate  1 y  26  volts  causing  the 
opto- i so  1 ator  Q38  to  be  turned  on.  The  connector  pin  P2-47 
will  be  shorted  to  ground  and  measure  a  TTL  logic  0. 

2.  Test  Number  21270  ;  1 FKL  TTL  Output 

This  test  uses  the  same  circuit  used  in  test  number 
21240  and  21260  and  is  reproduced  in  Figure  21270,  located  in 
APPENDIX  C.  The  circuit  ana  1 ys i s  is  exactly  identical  to 
that  of  test  number  2 1240, with  the  exception  that  the  input 
voltage  is  not  incremented  and  connector  pin  P2-6  is 
connected  to  a  28  vdc  power  source.  In  the  previous  tests, 
P2-6  had  been  left  open.  Because  this  is  simply  a  TTL 
output  test,  the  input  voltage  remains  a  constant  which  is  0 
volts  in  this  case.  The  output  equation  derived  for  op-amp 
U20  is  used  below  to  obtain  the  output  at  pin  10. 
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Voipin  10)  =  5.1+2.0*Vin  where  Vin  =  0  vdc 

=  5.1  vdc . 

The  voltage  seen  at  the  non-inverting  input  (pin  1) 
of  the  comparator  is  not  however  5.1  volts.  Due  to  P2-6 
being  at  a  potential  of  28  volts,  the  voltage  divider  rule 
must  be  used  to  obtain  this  voltage. 

V ( - )  =  [28(R125)+5. 1 (R124) ]/[Rl 24+R 125] 

=  [28(33)+5. 1 ( 120) ]/t 120+33] 

=  10.04  vdc. 

The  trigger  voltages  obtained  for  the  comparator  U20 
where  6.64  and  6.76  volts  which  are  both  less  than  5.1 
voits.  This  means  that  the  voltage  at  the  non-inverting 
input  of  the  comparator  will  be  less  than  the  voltage  at  the 
inverting  input.  The  output  of  the  comparator  at  pin  12 
will  then  be  approx i mate  1 y  0  volts  causing  the  opto- i so  1 ator 
Q38  to  be  turned  off.  The  connector  pin  P2-47  will  be 
pulled  up  to  +5  vdc  by  RI28  and  measure  a  TTL  logic  1. 

G.  Full  Power  CDC(-)  and  FPD  Logic  Test  (30010) 

This  series  of  tests  has  three  parts  as  shown  in  the 
Test  Requirement  Document.  The  schematic  diagram  for  this 
circuit  is  shown  in  FIGURE  28, contained  in  APPENDIX  C.  The 


input  at  connector  pin  P2-39  is  an  open  collector  input  and 
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the  outputs  P2-4 1  and  P2-15  are  TTL  logic  level  outputs. 

Each  output  has  its  own  independent  circuit.  The  output 
P2-4  1  is  control  led  by  the  5-volt  power  supply  and  P2-15  is 
controlled  by  the  5-volt  power  supply  and  the  open  collector 
input  P2-39.  A  separate  5-volt  power  supply  is  used  for  the 
pu 1  1  up  resistors  which  are  needed  for  the  P2-15  and  P2-4  1 
output  pins.  The  two  opto- i so  1 ator s  Q26  and  Q23  act  only  as 
switches  as  do  the  2N2222A  transistors  Q24  and  Q25. 

The  analysis  for  the  P2-41  output  pin  is  as  follows. 
As  long  as  the  5-volt  DC  power  supply  is  on,  Q26  wi II  be  on 
which  turns  Q25  on  also.  This  causes  P2-41  to  be  shorted  to 
ground  and  a  TTL  logic  0  to  be  measured.  When  the  5-volt  DC 
power  supply  is  turned  off  for  test  3,  Q26  and  Q25  turn  off 
and  the  1-kohm  pull-up  resistor  forces  P2-41  to  5  volts  DC 
or  TTL  logic  1 . 

The  P2-15  output  pin  operates  in  much  the  same 
manner  as  the  P2-41  output  pin.  This  circuit  is  almost 
identical  to  the  previous  one, except  that  pin  7  of  Q23  is 
connected  to  P2-39  instead  of  straight  to  ground.  As  long 
us  the  5  volt  DC  power  supply  is  on  and  P2-39  is  grounded, 

Q23  will  turn  on  turning  Q24  on  also.  This  causes  the 
output  P2-15  to  be  shorted  to  ground  and  a  TTL  logic  0  to  be 
measured.  If  the  5  volt  DC  power  supp’y  is  removed  or  the 
input  P2-39  opened  up,  Q23  and  Q24  will  turn  off.  the 
output  P2-15  will  be  forced  to  5  volts  by  the  1-kohm  pull-up 
resistor  and  a  TTL  logic  1  will  be  measured. 


H.  5  Minute  and  250  MSEC  Timer  Tests  (31010-31020) 

The  next  few  tests  deal  with  timer  circuits  which 
incorporate  a  military  equivalent  to  the  popular  NE555 
timer.  Two  timers,  II 1  and  U2  are  tested  here  simultaneously 
because  the  output  of  timer  U1  triggers  the  timer  U2 .  The 
schematics  for  these  tests  are  shown  in  FIGURES  29  and  30, 
located  in  APPENDIX  C.  To  begin,  the  timers  must  be 
i n i t i a  1 i zed, or  in  other  words, the  timing  capacitors 
completely  discharged.  This  is  accomplished  by  turning  off 
the  28-volt  power  supply  and  grounding  P2-36  for 
approx i mate  1 y  one  minute.  This  allows  the  timing  capacitors 
C3  and  C5  to  discharge  any  voltage  potential  that  may  be 
present.  Several  inputs  have  various  voltages  applied  to 
them  in  order  to  set  up  the  correct  state  of  certain  logic 
c i rcu its. 

1,  U 1  Timer  Circuit 

The  timer  U1  is  controlled  by  the  open  collector 
input  P2-36  and  operates  as  a  one-shot.  AS  long  as  this 
input  is  grounded,  the  timing  capacitor  C3  is  held 
discharged  through  the  series  R5,  CR1,  R3 ,  and  CR2  to  ground 
and  the  series  R4  and  CR2  to  ground.  Opto- i so  1 ator  number 
Q5  is  on  as  long  as  the  28-volt  power  supply  is  present. 
Because  the  trigger  and  threshold  voltages  of  the  timer  are 
approximately  0  volts  which  are  less  than  NE555  requirement 
of  1/3  Vcc,  the  output  at  pin  3  is  set  high  at  approx i mate  1 y 
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15  volts  DC.  The  normal  configuration  for  a  555  one-shot 
would  allow  the  timing  capacitor  to  start  charging  at  this 
time, but  in  this  case  it  is  still  held  discharged  until 
PZ- 36  is  opened  up.  When  this  happens,  the  voltage  across 
the  capacitor  C3  starts  to  increase  exponentially  for  a 
period  of  1.1 RC  where  R  is  the  sum  of  R3  and  R4  and  C  is 
equal  to  C3.  This  equation  can  be  found  in  any  linear  data 
book  which  covers  the  555  timer.  At  the  end  of  this  time 
period  at  which  the  voltage  is  equal  to  2/3  Vcc,  the 
internal  comparator  resets  the  flip-flop  and  drives  the 
output  low.  The  time  it  takes  the  output  to  go  low  is 
calculated  below. 

T 1  =  1 ,  1  * (R3+R4) »C3  =  1  .  1  * ( 10E3+6.8E6) *40E~6 
=  300  seconds  for  R3=10  kohms 
=  32o  seconds  for  R3=560  kohms. 

To  sum  up  the  above  analysis,  the  voltage  at  label  1 
on  FIGURE  29  will  i n i t i a  1 1 y  be  at  approximately  15  volts 
minus  the  drop  across  the  diode  CR8.  When  the  input  P2-36 
is  opened  up,  the  timer  starts  and  drives  the  output  at  pin 
3  low  300  to  324  seconds  later  (referred  to  as  the  nominal 
315  seconds  from  here  on).  Label  1  is  continued  on  FIGURE 
30  where  it  is  connected  to  the  emitter  of  Q7.  The  voltage 
on  the  base  of  this  transistor  is  set  by  the  voltage  divider 
network  of  R25  and  R26.  The  straight  voltage  divider  rule 
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yields  a  voltage  of  10  volts  DC  which  means  that  the  voltage 
at  the  emitter  must  be  greater  than  10  plus  0.7  (the  voltage 
drop  across  the  base-emitter  junction)  for  the  transistor  to 
turn  on.  During  the  315  seconds  that  the  U 1  timer  output  is 
high,  this  transistor  will  be  turned  on  since  the  output 
voltage  of  the  timer  is  approx i mate  1 y  15  volts.  This 
affects  two  circuits,  the  U2  Timer  Circuit  and  the  Q7/Q8 
Transistor  Circuit. 

2.  P2-11/35  Input  Circuit 

When  the  connector  pin  P2-11  has  a  TTL  logic  0 
applied  to  it,  the  opto- i so  I ator  Q6  is  turned  on.  This 
grounds  the  anode  side  of  diode  CR9  forcing  this  input  to 
node  1  (see  schematic)  to  have  no  affect.  If  the  P2- 1 1 
inpit  pin  is  at  a  TTL  logic  1  level,  the  opto- i so  1 ator  Q6  is 
turned  off  which  forces  the  anode  side  of  CR9  to 
approximately  20  volts,  ignoring  the  load  at  node  1. 
Connector  pin  P2-35  also  has  a  TTL  logic  0  applied  to  it  in 
these  two  tests  which  forces  the  anode  side  of  diode  CR10  to 
approx i mate  I y  0  volts.  The  voltage  at  label  1  is  controlled 
only  by  the  output  of  timer  U 1  for  these  two  tests. 

3.  Q7/Q8  Transistor  Circuit 

The  Q7/Q8  Transistor  Circuit  is  controlled  by  the  3 
wire-ORed  sources  discussed  above:  the  Ul  timer  output,  the 
P2-11  pin,  and  the  P2-35  pin.  The  wire-ORed  node  is  labeled 
node  1  on  the  schematic.  The  transistor  Q7  is  turned  on 


whenever  the  voltage  at  node  1  exceeds  approximate  /  the 


base  voltage,  which  is  determined  by  the  voltage  divider 


network  of  R25  and  R26  or  approximately  10  volts,  plus  the 
junction  voltage  of  0.7  volts.  When  the  transistor  Q7  is 
on,  transistor  Q8  turns  on  also  and  grounds  the  cathode  side 
zener  diode  VR4.  This  causes  the  transistor  Q3  to  turn  off 
and  the  output  connector  P2-10  will  be  forced  to  a  TTL  logic 
1  by  the  1  kohm  pull-up  resistor  connected  to  5  volts  DC. 
After  the  nominal  315  seconds  have  elapsed  and  the  voltage 
at  node  1  drops  below  the  above  threshold,  Q7  and  Q8  turn 
off.  The  zener  diode  VR4  is  rated  at  4.7  volts  so  it 
becomes  reversed  biased  due  to  the  28-volt  power  supply  and 
the  2-kohm  resistor  R28.  This  reverse  current  through  the 
zener  turns  Q3  on  which  shorts  the  output  P2- 1 0  to  ground. 

A  TTL  logic  0  will  then  be  measured. 

4.  U2  Timer  Circuit 

This  output  pin  P2-9  is  controlled  by  the  second 
timer  U2  which  also  acts  as  a  one-shot  but  is  configured 
slightly  different  than  normal.  During  the  initial  315 
seconds  when  the  transistor  Q7  is  on,  the  transistor  Q4  will 
be  on  also  due  to  current  suppl i ed  from  the  Q7  col  lector. 
This  causes  the  timing  capacitor  to  be  shorted  out  and  the 
threshold  voltage  at  pin  6  to  be  grounded.  As  mentioned 
above,  when  Q7  is  on,  Q8  wi 1 1  be  on  also  and  this  results  in 

the  trigger  level  at  pin  2  to  be  shorted  to  ground.  The 

timer  is  in  the  initial  state  at  this  time  and  the  output 

set  high  to  Vcc  which  is  15  volts  DC  (see  U1  timer  analysis 


for  typical  555  timer  operation).  One  important  change  in 
this  conf i gurat i on  is  the  fact  that  a  IQ-kohm  resistor,  RI4, 
is  connected  from  the  control  voltage  at  pin  5  to  ground. 

As  seen  in  FIGURE  6  and  the  derivation  below,  this  changes 
the  control  voltage  level  of  the  555  to  1/2  Vcc  instead  of 
the  normal  2/3  Vcc  voltage  level. 

Control  Voltage  =  CV  =  [ Vcc ( 1 0/ / 1 0 ) ] / [ 5+ ( 1 0/ / 1 0 ) ] 

=  Vcc ( 5 ) / ( 5+5 )  =  1/2  Vcc. 

One  can  see  that  if  the  10  kohm  resistor  were  not 
present,  the  control  voltage  would  be  2/3  Vcc.  The  timing 
equation  for  the  555  with  a  control  voltage  set  at  1/2  Vcc 
must  be  derived.  The  standard  equation  used  for  finding  the 
voltage-time  relationship  in  an  RC  network  is  used  below. 

Vout  =  Vin[ l-eA(-t/RC) ] 
or  t  =  - (RC ) Ln ( 1 -Vout/V i n) 

=  -  ( R  1  1  )  ( C5  )  Ln  (  1  —  !.  / 2  ) 

=  - ( 2  40E3 ) ( 1 E-6 ) Ln ( . 5 ) 

=  166  msec. 

To  sum  up  the  operation  of  timer  U2,  the  output  is 
initially  high  (about  15  vdc )  and  transistors  Q4  and  Q8  on. 
This  high  output  is  enough  to  turn  on  the  transistor  Q2  and 
ground  the  cathode  side  of  zener  diode  VR3.  Transistor  Q1 
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FIGURE  6  -  555  Timer  Block  Diagram 


63 


remains  off  and  the  output  at  connector  pin  P2-9  is  forced 
to  a  TTL  logic  1  by  the  1-kohm  pul  I -up  resistor  tied  to  5 
volts.  After  the  3 1 5- second-U 1- t i raer  has  expired  and  Q7 
turns  off,  Q4  and  Q8  turn  of  f,  tr  i  gger  i  ng  U2  and  allowing  C5 
to  begin  charging.  After  the  nominal  166  milliseconds  has 
elapsed,  the  output  of  112  at  pin  3  is  driven  low, turning  the 
transistor  Q2  off.  The  reverse  current  flowing  through  the 
4.7  volt  zener  diode  VR3  ,  which  is  supplied  by  the  28-volt 
power  supply,  then  turns  Q1  on,  shorting  the  output  P2-9  to 
ground.  A  TTL  logic  0  wi 1 1  then  be  measured.  A  timing 
diagram  of  the  input  P2-36  and  several  other  nodes  including 
the  outputs  P2-9  and  P2-10  is  shown  in  FIGURE  7. 

I.  20  SECOND  TIMER  (32010) 

This  test  uses  the  same  input  signals  as  the 
previous  timer  test  in  order  to  discharge  the  timing 
capacitors  and  set  up  the  proper  logic.  The  schematic 
diagram  for  this  test  is  shown  in  FIGURE  31, located  in 
APPENOIX  C.  The  output  at  CCA  pin  P2-12  is  used  to  monitor 
the  timer  U3  and  the  open  collector  input  P2-36  is  used 
again  to  trigger  the  timer.  The  timer  U3  is  the  military 
equivalent  to  the  NE555  timer  and  once  again  used  as  a 
one-shot . 

1.  U3  Timer  Circuit 

There  are  two  RC  timing  networks  used  in  the  U3 


timer  conf i gurat ion ,  one  for  the  threshold  voltage  and  one 


for  the  trigger  voltage.  The  control  voltage  at  pin  5  is 
set  to  1/2  Vcc  due  to  the  10  kohm  resistor  R45  tied  to 
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ground  (see  the  analysis  for  the  control  voltage  on  the  1)2 
Timer  Circuit).  The  timing  equation  is  therefore  in  the 
same  form  as  that  derived  for  the  timer  1)2  above. 

T 1  =  -(RC)Ln(  1-1/2)  =  (0.693)RC 

=  0.693* (R46+R47) »C9  =  0 . 693*2300* 1 0E-6 
=  15.25  seconds. 

The  second  RC  network  is  used  to  bring  the  trigger 
voltage  up  smoothly  above  the  required  1/3  Vcc.  The  trigger 
voltage  is  limited  by  the  voltage  divider  network  of  R43  and 
R44 .  Using  the  voltage  divider  rule  this  limiting  voltage 
is  found  to  be  11.35  volts  which  is  well  above  1/3  Vcc.  The 
initial  state  of  the  timer  is  set  by  grounding  P2-36  and 
turning  the  power  off.  This  allows  the  two  timing 
capacitors  C7  and  C9  to  fully  discharge.  When  the  voltage 
is  reapplied  and  the  input  P2-36  opened  up,  the  capacitor  C7 
holds  the  trigger  voltage  down  for  a  short  time,  T2,  which 
causes  the  timer  to  be  triggered.  The  trigger  voltage  must 
however  rise  above  the  555  requirement  of  1/3  Vcc  before  the 
15.25  seconds  have  elapsed  or  the  internal  flip-flop  will 
not  switch  states.  It  can  be  seen  by  using  the  time-voltage 
equation  for  an  RC  network  that  1/3  Vcc  or  5  volts  will  be 
reached  in  about  0.4  seconds  which  is  very  adequate. 
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-(RC)Ln( 1-Vout/Vin) 


=  -( 150E3) (4.7E-6)Ln( 1-5/1 1 .35) 
=  0.41  seconds. 


R  =  R44,  C  =  C7,  Vin  =  11.35  volts,  Vout  =  5volts. 

Once  the  trigger  voltage  exceeds  1/3  Vcc,  the 
internal  comparator  waits  for  the  threshold  voltage  to  reach 
2/3  Vcc  at  which  time  the  output  will  flip  states.  The 
output  at  pin  3  is  initially  high  or  approximately  15  volts. 
After  the  timer  is  triggered  by  opening  up  P2-36,  the 
capacitor  C9  begins  to  charge  up  until  2/3  Vcc  is  reached. 

At  this  time,  T1 ,  which  was  calculated  to  be  15.25  seconds, 
the  output  at  pin  3  drops  to  approximately  0  volts. 

2.  P2-12  Output  Circuit 

The  P2-12  Output  Circuit  is  directly  controlled  by 
the  output  of  the  U3  timer.  The  schematic  is  included  in 
FIGURE  31  of  APPENDIX  C.  When  the  output  of  the  timer  U3  is 
high,  the  transistor  QI9  turns  on  shorting  the  cathode  side 
of  zener  VR9  to  ground.  Transistor  Q20  then  turns  off  and 
the  reverse  current  flowing  through  the  4.7  volt  zener  VR5 
turns  the  transistor  Q9  on.  The  output  P2-I2  is  shorted  to 
ground  through  Q9  and  a  TTL  logic  0  will  be  measured. 

After  the  15.25  second  timer  has  expired  and  the 


output  at  pin  3  drops  low,  QI9  will  turn  off.  The  reverse 


current  flowing  through  the  4.7  volt  zener  VR9  will  turn 
transistor  Q20  on  causing  the  cathode  side  of  zener  VR5  to 
be  grounded.  Transistor  Q9  then  turns  off  and  the  output 
P2-12  is  forced  to  a  TTL  logic  1  by  the  I- kohm  pul  1 -up 
resistor.  A  summary  of  these  states  is  shown  below. 
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J.  1.5  Second  Timer  ( 330 1 0-33020 ) 

Test  number  33010  and  33020  test  the  performance  of 
the  555  timer  U25.  The  schematics  for  these  tests  include 
FIGURES  29,  30,  and  32  which  are  located  in  APPENDIX  C. 
Several  inputs  have  an  effect  on  the  output  at  connector  pin 
P2-44.  The  timer  U1  which  was  tested  in  test  series  31000 
is  used  again  along  with  input  connector  pins  P2- 1  1  and 
P2-35.  These  three  sources  control  the  node  labeled  "1"  in 
FIGURE  29.  This  node  is  continued  on  FIGURE  30  and  controls 
the  Q7/Q8  Transistor  Circuit  with  output  at  node  2.  FIGURE 
32  shows  the  continuation  of  node  2  which  feeds  into  an 
opto- i so  1 ator  Q44.  The  output  from  this  device  feeds  into  a 
NAND  gate,  U24,  along  with  the  input  from  connector  pin 
PI -34.  The  output  from  the  NAND  gate  is  what  triggers  the 
timer  U25  and  controls  the  state  of  the  output  at  P2-44. 
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To  begin,  the  input  P2-36  is  still  left  open  from 
the  previous  tests  so  that  the  output  at  pin  3  of  timer  U1 
is  low  or  approximately  0  volts.  A  TTL  logic  0  is  also 
still  present  on  the  inputs  P2- 1 1  and  P2-35.  The 
combination  of  these  three  inputs  cause  the  voltage  at  node 
1  to  be  at  approx i mate  1 y  0  volts.  From  FIGURE  30  and  the 
Q7/Q8  Transistor  Circuit  analysis  it  is  determined  that  a 
voltage  level  of  this  magnitude  is  not  enough  to  turn  on  the 
transistor  Q7.  Because  of  this,  the  transistor  Q8  cannot  be 
turned  on  either  and  the  voltage  at  node  2  will  be 
approximately  equal  to  25.5  volts.  This  voltage  level  is 
obtained  by  isolating  the  components  shown  in  FIGURE  8  and 
calculating  the  voltage  at  node  2. 

Thevinize  the  right  hand  part: 

Vth  =  [ (28*R169)+(Z7.3*R28) ] / [ R 1 69+R28 ] 

=  [ (28*1 .5)+<27.3*2) ]/[ l .5+2] 

=  27.6  volts, 

Zth  =  R 1 69//R28  =  ( 2* 1 . 5 ) / ( 2+ 1 . 5 ) 


857  ohms 


69 


Now  take  the  sum  of  currents: 


[ (27.6-V2J/857] 
8200(27. 6-V2) 
V2 ( 8200+857 ) 
V2 


[ (V2-4. 7-. 7)/ (8200)  ] 
857 ( V2-5 . 4 ) 
226320+4627.8 
230947.8/9057 
25.5  volts. 


By  looking  at  the  U25  Timer  Circuit,  it  can  be  seen 
that  25.5  volts  at  node  2  does  not  provide  enough  current 
through  the  opto- i so  1 ator  Q44  to  turn  it  on.  Therefore  the 
TTL  logic  level  at  pin  5  of  U24  NAND  gate  is  a  1  and  remains 
this  way  throughout  the  test.  Pin  4  of  the  NAND  gate  is 
connected  to  the  input  pin  Pl-34  which  is  initially  a  TTL 
logic  1  and  then  dropped  to  a  TTL  logic  0  five  seconds 
later.  During  this  test  the  output  of  the  NAND  gate  is 
simply  the  TTL  inversion  of  Pl-34. 

1.  U25  Timer  Circuit 

Timer  U25  is  used  here  as  a  one-shot  as  the  others 
were  but  the  configuration  is  somewhat  more  complicated.  A 
PNP  switching  transistor,  Q47,  is  used  to  ground  the 
threshold  input  at  pin  6  while  the  trigger  input  at  pin  2  is 
connected  directly  to  the  output  of  the  NAND  gate.  The 
initial  state  of  the  NAND  gate  output  is  TTL  logic  0  which 
turns  transistor  Q47  on  and  forces  the  trigger  input  to  a 
low  voltage  potential.  The  specifications  for  a  555  timer 
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reveal  that  the  output  at  pin  3  will  then  remain  in  the  high 
state.  The  timing  equation  for  the  U25  configuration  is 
obtained  using  the  time-voltage  relationship  for  an  RC 
network.  In  this  case  however,  the  emittei — collector 
voltage  present  in  Q47  does  not  allow  the  timing  capacitor 
to  discharge  fully.  This  voltage  potential  must  be  included 
in  the  equation  as  the  initial  voltage  of  the  capacitor. 

The  control  voltage  at  pin  5  is  again  set  to  1/2  Vcc  by 
means  of  the  10-kohm  resistor  (R175)  placed  in  parallel  with 
C29  (see  control  voltage  analysis  for  the  U2  Timer  Circuit). 

T 1  =  - ( RC)Ln[ 1- (Vout-Vce) /V i n] 

=  - ( R 1 73 ) (C28) Ln[ 1 - ( V i n/2-Vce ) /V i n ] 

=  - ( 1 . 5) ( 1 )Ln( . 5+Vce/5)  wfiere  Vce  =  0.3  vdc 
=  0.87  seconds. 

To  sum  up  the  operation  of  the  circuit  for  test 
number  33010,  the  timer  output  at  pin  3  is  initially  high 
while  the  input  PI -34  is  held  high.  When  PI -34  is  grounded 
( TTL  logic  0),  the  output  of  the  timer  is  forced  low 
approx i mate  1 y  0.87  seconds  later.  While  the  output  of  the 
timer  is  high,  the  transistor  Q48  will  be  turned  on 
providing  a  ground  for  the  opto- i so  1 ator  Q45.  It  then  turns 
on  along  with  the  transistor  Q46.  The  output  P2-44  is  then 
grounded  and  a  TTL  logic  0  is  measured.  After  the  0.87 


seconds  have  elapsed  and  the  output  of  the  timer  drops  low. 


Q48 ,  Q45 ,  and  Q46  turn  off  simultaneously  and  the  output 
P2  -  44  is  forced  to  a  TTL  logic  1  by  the  1-kohm  pul  I -up 
res i stor . 

The  second  part  of  this  test,  test  number  33020,  is 
identical  to  test  number  33010  except  for  the  input  at 
PI -34.  In  this  test  the  input  used  is  a  gated  pulse  train 
which  is  supposed  to  simulate  the  actual  signal  that  would 
be  present  on  the  weapons  system.  This  signal  consists  of  a 
square  TTL  waveform  with  a  pulse  width  of  18.5  milliseconds 
and  a  period  of  684.5  milliseconds.  A  burst  of  pulses  is 
superimposed  on  top  of  the  18.5  millisecond  pulses  and  these 
burst  pulses  have  a  pulse  width  of  800  nanoseconds  and  a 
period  of  20  microseconds.  The  test  requirements  call  for 
this  pulse  to  be  applied  to  the  input  PI -34  for  5  seconds 
and  then  ground  PI -34  measuring  the  time  it  takes  the  output 
at  P2-44  to  switch  states. 

From  the  above  analysis  it  was  seen  that  a  TTL  logic 
high  at  PI -34  would  lock  the  timer  U25  in  the  ready  or  high 
state  and  upon  grounding  of  PI -34,  the  timer  would  switch 
states  approx i mate  1 y  1  second  later.  The  gated  pulse  train 
applied  has  a  800  nanosecond  high  time  which  is  sufficient 
to  keep  the  timer  reset  or  in  other  words  the  time  that  the 
input  at  PI -3 4  is  low  is  not  enough  to  allow  the  threshold 
voltage  across  the  timing  capacitor  to  charge  to  1/2  Vcc 
before  being  reset  by  the  high  pulse.  As  long  as  the 
circuit  is  working  properly,  this  gated  pulse  input  can  be 


considered  a  high  input  and  the  test  works  exactly  as 


analyzed  in  the  above  test. 

K,  POWER  ON  SEQUENCE  LOGIC  TEST  ( 34QQQ ) 

The  Power  On  Sequence  Logic  Test  involves  ten 
separate  tests  each  of  which  includes  a  set  of  five  inputs 
and  14  separate  outputs.  The  test  description  is  laid  out 
in  a  logic  table  on  page  14  of  the  TR  document  in  APPENDIX 
C.  This  series  of  tests  involves  several  of  the  CCA 
circuits  discussed  earlier  plus  four  additional  circuits 
which  will  be  analyzed  in  this  section. 

1.  P2-1  Input  Circuit 

The  CCA  input  pin  P2-1  is  an  open  col  lector  logic 
type  which  controls  a  trans i stor /opto- i so  I ator  switching 
circuit.  The  state  of  this  circuit  has  an  affect  on  several 
other  circuits.  The  schematic  for  this  circuit  can  be  seen 
in  FIGURE  33, located  in  APPENDIX  C.  The  one  output  of  this 
circuit  is  taken  at  the  col  lector  of  Q34.  It  is  assumed 
that  all  of  the  comparator  circuits  are  off  for  this 
analysis.  If  any  of  these  circuits  were  on,  the  transistor 
Q34  would  remain  on  constantly. 

The  analysis  of  this  circuit  is  straight  forward 
using  simply  the  logical  states  of  the  transistors.  When 
P2-1  is  grounded,  the  base  of  Q43  is  essentially  zero  and 
the  transistor  is  off.  Current  then  flows  from  the  27  volt 
source  through  R143,  CR24,  and  CR23  turning  the  transistor 
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Q34  on.  The  optical  isolator  Q4G  is  also  on  but  its  output 
does  not  affect  this  circuit.  When  Q34  is  then  turned  on, 
the  collector  is  essentially  grounded  and  the  circuit  is 
considered  to  be  in  the  low  state. 

When  P2-1  is  released  from  ground,  the  opposite 
states  occur.  The  27  volt  source  is  enough  to  reverse  bias 
the  4.7  volt  zener  diode  VR15  and  turn  the  transistor  Q43 
on.  The  voltage  on  the  col  lector  then  falls  too  low  to  keep 
Q34  on  so  it  turns  off.  The  collector  of  Q34  is  then  pulled 
up  by  the  resistor  R98  which  is  tied  to  the  28-volt  power 
supply.  The  circuit  is  then  considered  to  be  in  the  high 
state. 

2.  Flip  Flop  Circuit 

The  circuit  which  the  author  calls  the  Flip  Flop 
Circuit,  is  shown  in  FIGURE  33  of  APPENDIX  C.  This  circuit 
has  two  inputs  labeled  one  and  two  and  one  output  labeled 
node  4.  Input  number  I  turns  on  the  transistor  Q22  and 
input  number  2  will  turn  on  transistor  Q2 i  but  only  one 
transistor  at  a  time  can  be  on. 

The  analysis  starts  by  looking  at  the  portion  shown 
in  FIGURE  9  and  determining  the  voltages  and  currents 
assuming  that  the  transistor  Q2 1  is  off. 

I  =  ( 28-0. 7 ) / ( 2400+  18000+8200 )  =  0.999  mA 
Vx  =  28-1*2400  =  28-0 . 999*2400 
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The  voltage  Vx  is  the  voltage  at  node  4  and  with  Q2 1 
off  and  Q22  on,  this  vo 1 tage  is  approx i mate  I y  25.7  volts. 
When  Q2 1  is  on  and  Q22  is  off  as  shown  in  FIGURE  10,  the 
analysis  changes. 


28-0.1  =  1 1 (330+2400)+12(2400) 

27.9  =  11  (2730)  +  12( 2400 ) 

I  l  =  0. 0102-0. 8791« 12.  (4) 

28-0.7  =  I  1 ( 2400 )  + 1 2 ( 2400+ 1 8000+8200 ) 

27.3  =  I  1 ( 2400 )  +  I  2 ( 28600 ).  (5) 

Plug  EQ.  4  into  EQ.  5: 

27.3  =  2400(0. 102-0. 879 1 M 2 ) + 1 2 ( 28600 ) 

=  12(26490)+24.48 
12  =  0.1 065  mA . 

From  EQ.  4: 

11  =  0.  102-0.8791  (0.  1065E-31  =  10.11  mA  . 

Vx  =  28  - (  1  1  +  12)2400  =  28- (  1  0 . 2 1 65 ) 2 . 4 

=  3.5  volts. 


The  voltage  at  node  4  when  Q2  1  is  on  and  02.-  is  off 
'S  therptore  approximately  i . 5  volts  and  the  circuit  is 
'  ri  s  ’  de  r  ed  to  be  '  r  ■  the  low  state.  A  *  rijtt,  table  tor  the 


FIGURE  9  -  A  Portion  of  the  Flip  Flop  Circuit 


28  VDC 


FIGURE  10  -  A  Portion  of  the  Flip  Flop  Circuit 
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operation  of  the  Flip  Flop  Circuit  is  shown  in  TABLE  2.  A 
truth  table  showing  the  operation  of  the  Flip  Flop  Circuit 
along  with  the  conditions  which  control  it  and  the  P2-13 
Output  Circuit  is  shown  in  TABLE  3. 

3.  P2-13  Output  Circuit 

As  seen  on  the  schematic  diagram  shown  in  FIGURE  34 
of  APPENDIX  Cf  the  CCA  output  pin  P2-13  is  controlled  by 
three  sources:  the  P2-35  input  pin,  the  P2~l  Input  Circuit 
just  discussed,  and  the  output  from  the  U3  Timer  Circuit. 
These  three  sources  are  wire-ORed  together  by  the  diodes 
CR 1 2 ,  CR 1  1  ,  and  CRM.  When  any  of  the  three  sources  are  in 
the  high  state,  the  transistors  Q17  and  Q16  turn  on. 

The  transistor  Q17  turns  on  whenever  the  voltage  at  the 
emitter  exceeds  the  base  voltage,  determined  by  R38  and  R39 
to  be  10  volts,  plus  the  base-emmi tter  voltage  of  about  0.7 
volts.  The  cathode  side  of  the  4.7  volt  zener  diode  VR6  is 
then  grounded  and  Q15  turns  off.  The  output  at  pin  P2-13  is 
then  pulled  high  by  the  1-kohm  pull  up  resistor  and  a  TTL 
logic  l  would  then  be  measured. 

All  three  sources  must  be  in  the  low  state  in  order  for 
Q16  and  Q17  to  De  off.  When  this  state  occurs,  the  current 
suppl i ed  by  the  28  volt  power  supply  through  R63  and  the 
zener  VR6 ,  which  is  now  reversed  biased,  is  enough  to  turn 
on  transistor  Q15.  The  output  pin  P2-13  is  then  shorted  to 
ground  resulting  in  a  TTL  logic  0. 


o  o  o  o 


TABLE  1  1 


TRUTH  TABLE  FOR  THE  FLIP  FLOP  CIRCUIT 


INPUT  i 

INPUT  2 

OUTPUT  NODE  4 

0 

0 

_ 

NO  CHANGE 

0 

1 

LOW 

1 

Q 

HIGH 

1 

1 

nOES  NOT  EXIST 

TABLE  I  I  I 

TRUTH  TABLE  FOR  FLIP  FLOP  CIRCUIT,  P2-13  OUTPUT 
CIRCUIT,  AND  CONTROLLING  INPUTS 


P2-1 


P2-36 


P235 


U3  OUTPUT 


INPUT  II  INPUT  2 


NODE  4  P 2  -  1  3 


0 

0 

1 

1 

0 

0 

1 

1 


0 

1 

0 

1 

0 

1 

0 

1 


HIGH 
HIGH 
LOW*  * 
LOW** 
HIGH 
HIGH 
LOW** 
LOW*  * 


0 

0 

1 

1 

0 

0 

0 

0 


I 

1 

0 

0 

1 

1 

0 

0 


LOW 

LOW 

HIGH 

HIGH 

LOW 

LOW 

LOW* 

LOW* 


1 

1 

1 

1 

1 

1 

0 

1 


» 


There  Is  no  change  in  this  state.  The  output  of  the 
Flip  Flop  Circuit  remains  in  the  LOW  state. 


0  0 


The  output  of  the  U3  Timer,  pin  3,  will  go  1  r,w  IS 
seconds  after  P2-36  goes  from  low  to  high. 
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4.  P2-37/38  Output  Circuit 

The  two  CCA  output  pins  P2-37  and  P2-38  are 
connected  in  series  through  two  optical  isolators  Qll  and 
Q12.  The  schematic  for  this  circuit  is  shown  in  FIGURE  35 
of  APPENDIX  C.  The  state  of  the  two  opto- i so  1 ator s  are 
always  the  same  and  are  controlled  by  the  three  sources:  U1 
Timer  output,  U3  Timer  output,  and  the  P2-1  Circuit  output. 
The  three  sources  are  also  wire-ORed  together  by  the  diodes 
CR6,  CR25,  and  CR13  which  feed  into  and  control  the  emitter 
of  the  transistor  Q14.  When  the  output  of  the  U1  or  U3 
Timer  Circuits  is  high,  this  point  will  also  be  high  forcing 
transistors  Q13  and  Q14  to  be  turned  on.  This  also  occurs 
whenever  the  output  from  the  P2-1  circuit  is  low  which 
causes  transistor  Q18  to  be  off.  The  pullup  resistor  R4 1 
tied  to  the  28  volt  supply  then  allows  current  to  flow 
through  CR 1 3  and  turn  Q14  on.  A  truth  table  showing  the 
state  of  the  three  inputs  versus  the  level  at  the  node 
labeled  4  is  shown  in  TABLE  4. 

Whenever  the  node  labeled  4  is  in  the  high  state, 
transistors  Q13  and  Q14  are  on  which  shorts  out  the 
opto- i so  I ator s  Qll  and  Q12.  The  two  l-kohm  pullup  resistors 
connected  to  the  P2-37  and  P2-38  output  pins  then  force 
these  outputs  to  a  TTL  logic  l  level.  Transistors  QI3  and 
Q14  turn  off  when  node  4  i s  at  the  low  state  and  the 
opto- i so  I ator s  then  both  turn  on.  The  output  P2-3  7  is 
shorted  to  ground  resulting  in  a  TTL  logic  0  and  the  output 


TABLE  IV 


P2-37/38  OUTPUT  CIRCUIT  TRUTH  TABLE 


P2-1 

P2-36 

U1  OUT 

U3  OUT 

P2-1  OUT 

P2-37 

P2-38 

Q 

0 

1 

1 

0 

1 

1 

1 

0 

1 

1 

1 

1 

1 

0 

I 

0* 

u* 

0 

1 

1 

1 

1 

0 

0 

1 

0 

0*  * 

*  The  U1  output  goes  low  315  seconds  after  P2-36  is 
opened  up.  The  U3  output  goes  low  15  seconds  after 
P2-36  is  opened. 

**  P2-36  is  low  if  P2-14  is  grounded,  otherwise  it 
remains  high. 
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P2-38  also  becomes  grounded  if  the  control  pin  P2-14  is  tied 
to  ground.  If  this  is  the  case  (normal  operation),  then 
P2-38  and  P2-37  will  always  be  in  the  same  sta  e.  Otherwise 
the  output  P2-38  will  remain  in  the  TTL  logic  1  condition. 


Ail  programs  written  for  use  with  the  TE304  follow 
standardized  testing  procedures  and  format  such  as  the 
header  seen  on  the  Acceptance  Test  program  listing  in 
APPENDIX  F.  These  program  format  development  procedures  are 
required  oy  the  Navy  and  do  not  pertain  to  this  thesis 
project  and  therefore  will  not  be  discussed.  However 
descriptions  of  how  each  of  the  individual  circuit  tests  are 
performed  will  be  discussed.  It  is  also  assumed  that  the 
reader  has  a  basic  understanding  of  the  HP  Basic  3.0 
programming  language. 

The  header  used  on  all  the  TE304  software  is 
identical  to  that  in  the  program  listing  which  runs  from  the 
beginning  to  line  number  470.  This  header  contains  the 
common  variables  used  by  the  system  software  and  also  loads 
all  of  the  subprograms  from  the  hard  disk  drive.  Program 
line  220  disables  the  keyboard,  including  the  RESET  key, 
which  prevents  the  operator  from  interrupting  the  testing 
process  except  for  the  few  times  he  or  she  is  prompted  by 
the  computer.  Program  lines  240  through  340  contain  the 
global  or  common  variables  found  in  the  main  program  and  in 
the  subprograms  and  line  number  350  dimensions  the  variables 
used  only  in  the  main  program.  The  Subprograms,  which  are 
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stored  in  three  directories,  are  loaded  into  the  computer  by 
lines  360  through  410.  The  remaining  part  of  the  header 
simply  enables  the  interface  interrupt  lines  and  sets  up  the 
softkeys  and  keyboard  handling  routine. 

The  initial  conditions  for  testing  the  CCA  are 
described  in  the  TR  but  will  be  repeated  here  briefly.  The 
CCA  requires  three  power  supplies.  The  first  power  supply 
has  an  amplitude  of  +28  volts  DC  and  is  connected  to  pins 
PI -18,  19,  and  43.  The  second  power  supply  is  set  at  +5 

volts  DC  and  is  connected  to  pins  P2-24  and  48.  Power 
supply  number  three  is  set  for  -5  volts  DC  and  is  connected 
to  pin  P2-47 .  Pins  Pl-17,  Pl-27,  Pl-42,  P2-14,  P2- 1 7 , 

P2-25,  and  P2-49  are  grounded.  In  addition  to  the  power 
requ i rements ,  there  are  simulated  resistive  loads  which  must 
be  connected  to  various  CCA  pins.  These  loads  are  listed  on 
page  7  of  the  TR  in  APPENDIX  A.  The  HP  Digital  Read  Card  in 
the  Mu  1 1 i programmer  provides  the  1  kohm  pull  up  resistors  so 
only  four  resistors  are  needed  in  the  patchbox  adapter 
c i rcu i t . 


B.  Patchbox  Identification  Check 
Before  any  CCA  test  can  be  performed  on  the  TE304,  a 
patchbox  identification  check  must  be  performed  to  insure 
that  the  right  patchbox  is  inserted  for  the  test  being  run. 
This  prevents  mishaps  such  as  damaging  the  patchbox 
circuitry  or  the  CCA  itself.  A  rather  simple  and 
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standardized  method  is  used  to  accomp I i sh  this. 

Each  patchbox  contains  two  resistors  which  are 
connected  between  Measurement  Matrix  points  98,  99,  and  100 
with  no  two  patchboxes  having  the  same  values.  The  actual 
identification  test,  which  is  performed  in  program  lines  520 
through  650,  simply  checks  the  resistance  of  these  two 
resistors  by  closing  the  above  matrix  points  to  the  Digital 
Multimeter,  which  is  set  up  for  four  wire  ohm  measurement. 
The  measured  values  are  then  compared  to  assigned  values 
written  in  the  software.  If  the  values  do  not  match  then 
the  program  will  abort  giving  a  patchbox  identification 
error.  The  FIT  subprogram  is  used  for  this  purpose  because 
these  two  tests  are  only  a  check  and  do  not  have  any  test 
numbers  assigned  to  them. 

C.  Continuity  Tests  (10010-10160) 

This  series  of  16  tests  simply  checks  the  wire  lands 
between  the  CCA  connector  pins  and  the  CCA  test  point 
connector.  Two  CCA  resistors  are  also  checked  as  a 
verification  of  the  correct  board.  This  is  for  the  same 
reasons  that  the  patchbox  identification  test  described 
above  was  performed.  Program  lines  670  through  930  contain 
the  software  for  this  series  of  tests  which  is  quite 
straight  forward. 

All  the  data  including  the  matrix  points  and  the 
test  numbers  are  containeo  in  DATA  statements  at  the 
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beginning  of  the  test  series.  Matrix  points  of  the  right 
coordinates  are  closed  successively  while  the  Digital 
Multimeter  reads  the  res i stance  between  the  two  points. 

This  is  accomplished  in  a  FOR-NEXT  loop  which  takes  care  of 
closing  the  correct  matrix  relays,  taking  the  readings,  and 
comparing  the  reading  to  the  TR  specifications.  If  any  of 
these  tests  fail,  the  program  will  automatically  abort  to 
protect  against  damage  that  would  occur  if  the  wrong  board 
was  plugged  into  the  Test  Set.  Because  these  are  actual  CCA 
tests,  the  FNTEST  function  is  used  to  compare  the  results, 
print  the  results  on  the  screen,  and  store  the  results  in  a 
large  array  for  later  use. 


0.  Current  (Demand  Tests  (11010-11030) 

In  the  Current  Demand  test  sequence,  program  lines 
950  through  1250,  the  power  to  the  CCA  is  turned  on  and  the 
current  drawn  from  each  of  the  three  power  supplies  is  read 
back  from  the  supply  (the  HP  6034A  Power  Supplies  have  this 
feature).  If  any  of  the  power  supplies  exceed  a  current 
limit  of  I  amp,  the  program  will  abort.  Otherwise  the 
readings  are  compared  with  the  TR  tolerances  and  the  results 
printed  on  the  screen  and  stored  using  the  FNTEST  function. 
Also  as  a  double  check  the  supply  voltages  are  measured 
using  the  Digital  Multimeter  and  the  FIT  subprogram. 


Patehbox  lircuit  Test 


t. . 

Any  circuitry  used  in  the  Patehbox  Adapter  Interface 
must  be  tested  for  proper  operation.  In  this  case  only  one 
integrated  circuit  is  used  and  the  testing  made  very  simple. 
The  schematic  for  the  circuit  is  shown  in  Figure  1  of 
APPENDIX  D. 

The  5  volt  supply  is  first  connected  to  the  circuit 
through  one  of  the  Mu  1 1 i programmer  relays  and  then  five 
tests  are  performed  on  the  circuit.  These  tests  are 
described  on  page  2  of  the  Fault  Isolation  TR  which  is 
contained  in  APPENDIX  B  and  duplicated  in  Table  5.  Again, 
because  these  are  not  CCA  tests,  the  FIT  subprogram  is  used 
and  the  program  is  aborted  if  any  of  the  five  tests  fail. 

F.  TIM  Reference  Voltage  (20010) 

The  TIM  reference  voltage  test  is  a  DC  voltage 
measurement  which  roughly  checks  the  regulator  circuit  on 
the  CCA.  The  measurement  is  taken  at  the  P2-27  connector 
pin  with  an  expected  value  of  5.1  volts.  The  software  for 
this  test  is  contained  in  program  lines  1550  through  lb50 
and  uses  the  FNTEST  function  to  perform  this  single  test. 
Matrix  points  are  closed  and  opened  using  the  STIm 
subprogram  and  the  measurement  taken  using  -he  D> j'fi 


Multimeter  and  the  FNDVMR  function. 


AD-A177  074 
UNCLASSIFIED 
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TABLE  \l 

PATCHBOX  ADAPTER  CIRCUIT  TEST  DESCRIPTIONS 


10 

CODE 

TEST  DESCRIPTION 

NOMINAL 
AND  UNITS 

LIMITS 

Apply  Logic  1  to  adapter  pin  A33 
(DW#2).  Apply  pulse  train  to 
adapter  B34  with  a  10  msec  period 
and  a  1  msec  pulse  width. 

TESTX1 

Measure  pulse  width  at  B32. 

1  msec 

0.5 

1  .  5 

TESTX2 

Apply  Logic  0  to  A33  and  measure 
pulse  width  at  B32. 

0 

0 

TESTX3 

Measure  TTL  level  of  A33. 

LOGIC  0 

.  8  vdc 
0  vdc 

TESTX4 

Apply  Logic  0  to  A22  (DW#0). 
Measure  pin  A20. 

LOGIC  0 

.  8  vdc 
0  vdc 

TESTX5 

Apply  Logic  1  to  A22  and  measure 
p i n  A20 . 

LOGIC  1 

5 . 2  vdc 
2 . 4  vdc 
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G.  AC/DC  Gain  Tests  (21010-21430) 

As  seen  in  the  Acceptance  Test  TR  contained  in 
APPENDIX  A,  there  are  9  AC  gain  tests  and  3  DC  gain  tests. 
These  are  al  i  performed  on  74  1  operational  amp  1  ifiers  on  the 
CCA  and  are  all  very  similar  in  circuit  configuration.  It 
is  for  this  reason  that  the  testing  is  condensed  into  one 
software  loop  which  includes  program  lines  1710  through 
1960.  The  threshold  and  TTL  output  tests  which  do  f a  1  1  into 
this  testing  ser  ies  are  performed  after  the  gain  tests  are 
completed.  An  individual  gain  test  involves  connecting  a 
stimulus,  either  AC  or  DC,  to  the  indicated  connector  pins, 
which  are  op-amp  inputs,  and  then  measuring  the  outputs  at 
the  specified  pins.  The  input  signal  is  also  measured  and 
the  gain  of  the  circuit  calculated  and  compared  to  the 
tolerances  in  the  TR. 

All  of  the  AC  gain  tests  involve  frequencies  of  1 
and  10  Hz  which  are  too  low  for  the  HP1980A  Oscilloscope  to 
measure  accurately.  The  Digital  Multimeter  is  used  to 
digitize  the  waveforms  and  then  calculate  the  equivalent  rms 
value  in  volts  DC.  This  method  is  very  accurate  and 
provides  excellent  results.  The  program  lines  used  to 
accomplish  this  are  1860  and  1870  for  the  input  signal  and 
1890  and  1900  for  the  output  signal.  Program  lines  1980 
through  2090  contain  the  DATA  statements  for  the  test  series 
and  include  the  test  numbers  limits,  input  frequencies  and 


amplitudes,  and  the  matrix  point  coordinates. 


if  the  frequency  read  from  the  DATA  statements  is 
zero  then  a  DC  gain  measurement  will  be  performed.  In  this 
case  the  Multimeter  reads  the  input  and  output  voltages 
directly  in  DC  volts.  The  gain  is  then  calculated  and  the 
result  compared  to  the  tolerances  using  the  FNTEST  function. 

H.  DC  Threshold  Tests  (21050-21450) 

The  five  threshold  tests  are  performed  on  the  CCA 
comparators  and  are  an  extension  of  the  op-amp  tests 
described  above.  An  initial  DC  voltage  is  applied  to  the 
specified  CCA  connector  pin  using  the  Digital  Voltage  Source 
and  then  incremented  or  decremented  in  1 0  mV  steps  until  a 
specified  output  pin,  which  is  being  continuously  monitored 
by  the  Multimeter,  switches  from  one  state  to  another. 

Again  the  software  accomplishes  these  tests  in  a 
FOR-NEXT  loop  running  from  lines  2140  through  2390.  This 
loop  takes  care  of  applying  the  initial  voltage, 
incrementing  or  decrementing  it,  and  monitoring  the  output 
voltage  until  it  switches  to  the  specified  logic  level. 

When  this  occurs,  the  input  voltage  at  that  time  is  compared 
to  the  limits  in  the  TR  using  the  FNTEST  function.  The  DATA 
statements  in  lines  2400  through  2440  contain  the  test 
numbers,  limits,  initial  voltage,  matrix  point  coordinates, 
and  the  logic  switch  level  to  be  monitored  for  each  of  the 
five  threshold  tests. 


i 
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I.  TTL  Output  Tests  (21260  and  21270) 

Program  lines  2460  through  2630  contain  the  software 
for  the  two  TTL  output  tests.  Two  additional  outputs  of  the 
comparator  circuits  used  in  the  threshold  tests  are  tested 
for  proper  level,  which  make  these  tests  simply  an  extension 
of  the  threshold  circuit  tests  described  above.  A  DC 
voltage  is  applied  to  the  P2-29  and  P2-28  CCA  input  pins  and 
the  TTL  logic  level  of  the  Pl-47  connector  pin  is  measured. 
The  only  difference  between  the  two  tests  is  the  voltage 
level  applied  to  an  additional  input  pin  (P2-6).  In  the 
first  test  this  pin  is  left  open  and  in  the  second  test  28 
volts  is  applied  to  it. 

Both  tests  are  performed  in  the  same  FOR-NEXT  loop 
in  the  software  while  only  changing  the  test  number,  limits, 
and  input  voltages  accordingly.  The  test  number  and  limits 
are  read  from  the  DATA  statement  on  line  2630  and  the  FNTEST 
function  used  to  compare  and  store  the  results. 

J ■  Full  Power  CDC/FPD  Logic  Test  (30010) 

There  are  six  individual  readings  which  are  taken 
during  this  test  series.  Each  of  the  readings  represent  a 
TTL  logic  output  which  corresponds  to  a  specified  set  of 
inputs  shown  on  page  12  of  the  Acceptance  Test  TR  contained 
in  APPENDIX  A.  The  CCA  connector  pin  P2-39  which  is  of  open 
collector  logic  is  one  of  the  inputs  and  the  +5  volt  power 
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supply  is  the  other  input.  The  circuits  tested  here  include 
two  almost  identical  optically  isolated  switching  networks 
with  one  of  the  outputs  on  pin  P2-4 1  and  the  other  on  pin 
P2-15.  The  third  part  of  the  test  is  performed  with  the  +5 
volt  power  supply  turned  off. 

The  software  which  performs  this  test  series 
includes  program  lines  2650  through  2810.  Again  a  loop  is 
used  to  simplify  and  shorten  the  measurement  routines.  The 
two  TTL  output  pins  P2-41  and  P2-15  are  monitored  by  the 
Digital  Read  Cards  in  the  Mu  1 1 i programmer  and  the  subprogram 
FNDR$  used  in  line  2750.  The  comparison  of  the  readings  and 
the  TR  limits  is  done  in  lines  2760  through  2780  by  the 
FNTEST  function  which  actually  stores  and  displays  the  data. 

K.  Power  On  Sequence  Logic  Test  Part  1  (34010-34040) 

This  series  of  test  performs  the  first  four  tests  of 
a  ten  test  TTL  logic  table  seen  on  page  14  of  the  TR 
document  contained  in  APPENDIX  A.  Each  of  the  ten  tests 
includes  a  specified  set  of"  five  input  conditions,  some  of 
which  are  TTL  logic,  and  a  set  of  14  TTL  logic  outputs  which 
must  match  those  listed  in  the  TR .  Almost  all  of  the 
outputs  are  measured  using  the  Digital  Read  Cards  in  the 
Mu  1 1 i programmer  and  the  FNDR$  software  function.  The 
additional  outputs  are  measured  with  the  Digital  Multimeter 
and  converted  to  logic  levels  using  the  FIT  subprogram. 


Program  lines  2830  through  3420  contain  the  software 


needed  to  perform  these  four  tests.  Again  a  large  loop  is 
used  to  accomplish  this  easily.  Initial  CCA  conditions  are 
required  for  this  series  of  test  and  these  inputs  or  states 
are  set  up  by  the  statements  in  lines  2860  through  2950. 
These  statements  connect  the  matrix  points  and  turn  on  the 
power  supplies  required  by  the  TR  as  initial  conditions  and 
also  configure  the  Pulse  Generator  and  the  Pulse/Function 
Generator  for  the  required  pulse  train  needed  as  one  of  the 
five  inputs. 

It  was  necessary  to  add  an  additional  test  prior  to 
beginning  this  series.  The  gated  pulse  train  mentioned 
above  is  applied  to  a  NANO  gate  which  has  been  a  common 
failure  on  this  CCA.  In  order  not  to  load  down  this  pulse 
train,  it  was  necessary  to  check  the  accuracy  of  this  input 
with  the  stimulus  applied.  Because  this  is  an  actual  test 
of  the  CCA  it  was  given  a  test  number  of  90010  and  will  be 
added  to  the  TR  in  future  documents. 

The  four  tests  are  performed  inside  of  the  FOR-NEXT 
loop  which  applies  the  specified  inputs,  takes  all  14  of  the 
readings,  and  compares  them  to  the  TR.  The  string  of  14 
logic  levels  is  converted  to  an  octal  number  in  lines  3310 
and  3320  and  this  number  compared  to  rhe  octal  equivalent 
listed  in  the  nominal  column  in  the  TR.  The  DATA  statements 
in  lines  3390  through  3420  contain  the  test  number,  input 
logic  levels,  and  the  octal  equivalent  of  the  expected 


output  levels. 
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L.  5  Minute  and  250  Msec  Timers  (31010  and  31020) 

Two  555  timers  which  are  connected  in  series  (one 
timer  triggers  the  other  timer)  are  tested  here  for  accuracy 
of  time  delay.  The  first  timer,  U 1 ,  has  a  nominal  time 
delay  of  315  seconds  and  the  second  timer,  U2,  has  a  time 
delay  of  250  milliseconds.  Again  initial  conditions  are 
required  to  perform  these  tests  and  these  are  identical  to 
those  discussed  in  the  Power  On  Sequence  test  discussed 
above.  Additionally,  the  timing  capacitors  used  by  the  two 
555  timers  have  to  be  completely  discharged.  This  is 
accomplished  by  grounding  the  trigger  input  pin  P2-36  and 
turning  off  the  power  supply  for  60  seconds.  The  power  is 
then  turned  back  on,  the  trigger  pin  opened  up,  and  the 
delay  times  measured.  The  250  millisecond  timer  delay  is 
measured  by  the  Frequency  Counter  while  the  5  minute  delay 
measured  by  the  Computer. 

Program  lines  3450  through  3930  contain  the  software 
for  these  two  test  and  is  fairly  straight  forward.  The 
initial  conditions  which  were  set  up  in  the  previous  Power 
On  Sequence  test  are  left  on  so  it  is  not  necessary  to 
repeat  them  in  this  section.  As  with  all  the  tests 
performed  on  the  TE304,  provisions  for  a  test  repeat  are 
available.  However  in  this  case,  if  the  test  is  repeated, 
the  timing  capacitors  must  be  completely  discharged  before 
taking  a  second  reading.  An  IF-Then-Else  format  is  used  to 
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accomplish  this  and  is  seen  in  lines  3530  through  3650.  If 
it  is  the  first  time  through  with  the  test  then  the 
capacitors  are  discharged  as  mentioned  earlier  for  60 
seconds.  Any  repeat  of  the  test  forces  the  capacitors  to  be 
discharged  for  a  full  330  seconds  because  the  power  supplies 
cannot  be  turned  off  as  they  were  for  the  first  test. 

Once  the  capacitors  have  been  discharged  the  trigger 
pin  P2-36  is  opened  by  the  OC  (open  collector)  subprogram 
and  the  Open  Co!  lector  Card  in  the  Mu  1 1 i programmer  and  the 
time  measured  for  the  outputs  at  pins  P2-10  and  P2-9  to 
switch  states.  The  315  second  delay  is  measured  using  the 
clock  in  the  computer  and  the  REPEAT-UNTIL  loop  shown  in 
lines  3750  through  3790.  The  250  millisecond  delay  is 
measured  by  the  Frequency  Counter  and  the  FNCNTR  function 
shown  in  line  3810.  These  measurements  are  then  compared  to 
the  limits  in  the  TR  and  the  results  stored  and  displayed  by 
the  FNTEST  function. 

M.  1.5  Second  Timer  Test  (33010  and  33020) 

The  555  timer  (U25)  circuit  is  tested  in  this  pair 
of  tests.  The  same  initial  conditions  for  the  CCA  apply 
here  and  are  still  active  from  the  5  Minute  Timer  test.  The 
trigger  input  for  this  timer  is  CCA  connector  pin  PI -34, 
which  is  the  same  pin  that  the  gated  pulse  train  was  applied 
to  in  the  Power  On  Sequence  Logic  test.  The  first  of  the 
two  test  calls  for  a  TTL  logfc  1  to  be  applied  to  this  pin 
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and  to  wait  5  seconds  causing  the  timing  capacitor  to  be 
discharged.  A  TTL  logic  0  is  then  applied  to  the  PI -34 
input  and  the  time  delay  at  the  output  pin  P2-44  measured. 
The  second  test  is  identical  to  the  first  however  the  gated 
pulse  train  specified  in  the  TR  is  applied  in  place  of  the  5 
second  TTL  logic  1 . 

The  Acceptance  Test  program  lines  number  3950 
through  4240  perform  these  two  tests  and  are  fairly  straight 
forward.  The  Frequency  Counter  is  used  to  measure  the  time 
delay  and  is  connected  by  the  Stimulus  Matrix  and  configured 
in  lines  3970  and  4010.  The  (Digital  Voltage  Source  and  the 
DVS  subprogram  are  used  to  apply  the  TTL  logic  levels  in 
lines  3990  and  4020.  In  the  first  test  the  measurement  is 
taken  in  line  4040  using  the  FNCNTR  (function  Counter  read) 
function  and  the  results  stored  and  displayed  by  the  FNTEST 
funct i on . 

In  the  second  test,  test  number  33020,  the  gated 
pulse  train  is  applied  using  the  Pulse  Generator  and  the 
Pulse/Function  Generator.  These  instruments  are  configured 
using  their  respective  subprograms  in  lines  4110  and  4120. 
The  Digital  Write  Card  in  the  Mu  1 1 i programmer  is  used  in 
conjuction  with  the  Patchbox  Adapter  Circuit  to  turn  this 
pulse  train  on  and  off  while  triggering  the  Counter  to  take 
a  reading  at  the  same  time.  This  is  accomplished  in  lines 
4130  through  4160  and  the  reading  entered  into  the  computer 
using  the  FNCNTR  function  as  before. 


A 


N.  Power  On  Sequence  Logic  Test  Part  2  (34050-34100) 


This  series  of  test  includes  six  test  numbers  and  is 
the  second  half  of  the  previously  discussed  Power  On 
Sequence  Logic  test.  The  initial  conditions  are  all  the 
same  and  the  format  of  testing  is  identical  having  the  same 
five  inputs  and  14  outputs.  The  logic  table  is  listed  on 
page  14  of  the  TR  document  contained  in  APPENDIX  A  and  this 
series  of  test  refers  to  tests  5  through  10  on  that  table. 

The  software  for  this  series  of  test  is  similar  to 
that  of  the  first  half  of  the  Power  On  Sequence  test  with 
the  readings  being  taken  by  the  Digital  Read  Cards  in  the 
Mu  1 1 i programmer  and  the  Digital  Multimeter.  This  section 
includes  program  lines  4260  through  4900  and  contains  a 
large  FOR-NEXT  loop  which  applies  the  input  logic  levels, 
takes  the  readings,  converts  them  to  an  equivalent  octal 
number  as  before,  and  compares  the  results  to  those  of  the 
TR.  The  subprograms  and  functions  are  the  same  as  those 
used  and  discussed  above.  The  initial  conditions  described 
in  part  1  of  this  series  are  removed  upon  completion  of  the 
last  test  in  lines  4790  through  4840. 

0.  20  Second  Timer  Test  (32010) 

The  20  Second  Timer  test  is  the  last  single  test  of 
the  CCA  Acceptance  Test  Program  and  measures  the  time  delay 


of  the  555  timer  U3.  The  CCA  connector  pin  P2-36  is  the 
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trigger  for  this  timer  and  this  pin  is  grounded  and  the 
power  supply  turned  off  for  ten  seconds  in  order  to 
discharge  the  timing  capacitors.  When  the  power  is 
reapplied  and  the  trigger  released  using  the  Open  Collector 
Output  Cards  in  the  Mu  1 1 i programmer ,  the  time  delay  is 
measured  at  the  P2-12  output  pin  using  the  clock  in  the 
computer . 

Program  lines  4920  through  5180  contain  the  software 
for  this  last  test  and  runs  straight  through  with  no  loops. 
Two  REPEAT-UNTIL  loops,  which  run  from  lines  4970  through 
5000  and  lines  5060  through  5100,  are  used  however  to  create 
the  ten  second  delay  and  make  the  actual  time  delay 
measurement  of  the  timer.  The  measurement  is  then  compared 
to  the  tolerances  given  in  the  TR,  stored,  and  displayed  by’ 
the  FNTEST  function  in  line  5170.  Upon  completion  of  this 
last  test,  the  END_TEST  program  is  loaded  and  run  by  the 
statement  in  line  5250. 


V.  FAULT  ISOLATION  TEST  PROGRAM  DESCRIPTION 

A .  Over v i ew 

The  Fault  Isolation  Program  for  the  CCA  is  listed  in 
APPENDIX  G  and  follows  the  same  standardized  testing  format 
as  that  of  the  Acceptance  Test  Program.  However  a  few  major 
changes  in  the  way  the  program  is  run  have  been  made.  The 
Acceptance  Test  Program  is  run  straight  through  with  little 
or  no  operator  intervention.  In  the  case  of  the  Fault 
Isolation  Program,  the  operator  runs  different  fault 
isolation  tests  for  different  circuits  on  the  board  from  a 
menu  on  the  screen.  The  operator  is  also  required  to 
connect  various  probes  and  integrated  circuit  clips  to  the 
components  on  the  CCA  so  that  additional  measurements 
otherwise  not  available  can  be  obtained.  The  Test  Set 
operator  is  only  requ i red  to  run  fault  isolation  on  those 
circuits  which  fail  the  acceptance  testing. 

The  header  of  the  Fault  Isolation  Program,  which 
ends  at  line  number  640,  is  very  similar  to  that  of  the 
Acceptance  Program.  It  contains  the  same  common  or  global 
variable  declarations,  a  section  which  loads  all  the 
subprograms  and  functions  from  the  hard  disk  drive,  and  an 
add i t i ona 1  section  which  enters  data  from  files  used  to 
display  the  CCA  components  layout  on  the  screen.  This 
graphical  display  of  the  CCA  aids  the  operator  in  finding 
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parts  that  require  a  probe  or  chip  ci ip  to  be  connected. 

The  softkeys  and  keyboard  handl i ng  routines  are  also  enabled 
i n  this  header . 

Before  any  power  is  applied  to  the  CCA,  the  software 
must  check  that  the  correct  Patchbox  and  CCA  are  inserted 
into  the  TE304  Test  Set.  This  is  accomplished  in  the  same 
manner  as  that  in  the  Acceptance  Test  Program.  The  program 
lines  which  perform  these  checks  are  660  through  970.  If 
any  of  these  two  checks  fail,  the  program  will  abort  giving 
an  error  message  accordingly. 

Once  the  correct  Patchbox  and  CCA  have  been 
verified,  power  is  applied  to  the  CCA  and  the  current  demand 
tested.  If  one  or  more  or  the  power  suppl ies  exceed  the 
specified  limit,  the  computer  will  prompt  the  operator  if  he 
or  she  wishes  to  continue.  It  is  possible  in  this  case  to 
feel  the  components  on  the  CCA  for  one  that  is  too  hot  and 
probably  defective.  Program  lines  980  through  1240  perform 
these  steps  and  continue  on  if  the  currents  are  acceptable. 

After'  power  is  app  1  fed  to  the  CCA,  a  mandatory 
series  of  tests  is  performed  on  the  voltage  regulator 
circuit.  This  circuit  provides  reference  voltages 
throughout  the  board  and  has  been  known  to  cause 
catastrophic  failures.  The  subroutine  which  performs  this 
test  series  will  be  discussed  later.  However,  following 
completion  of  the  voltage  regulator  test,  a  menu  is 
displayed  on  the  screen  which  allows  the  operator  to  run  any 
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series  of  fault  isolation  tests  on  the  various  circuits  that 
make  up  the  CCA.  Program  I i nes  1290  through  1520  contain 
the  menu  and  associated  logic  and  upon  completion  of  any  of 
the  f au I t  isolation  test  series,  the  program  will  return  to 
this  menu.  Item  number  18  in  the  menu  is  provided  for 
terminating  the  program. 

B.  Voltage  Regulator  Circuit  (200110-200170) 

As  described  in  the  Fault  Isolation  TR  contained  in 
APPENDIX  B,  there  are  7  individual  tests  which  make  up  this 
series.  The  subroutine  T20010  which  performs  this  series 
begins  on  line  number  1740  and  ends  at  line  number  2360. 

This  subroutine,  as  do  all  the  fault  isolation  subroutines 
and  subprograms,  contains  one  section  which  performs  the 
tests  and  a  second  section  which  determines  which  components 
on  the  CCA,  if  any,  are  bad.  The  FIND_IT  subprograms  used 
in  1 ines  1800  through  1850  instruct  the  operator  to  connect 
the  measurement  probes  to  the  various  CCA  components.  The 
test  numbers,  limits,  and  matrix  point  coordinates  are 
contained  in  the  DATA  statements  on  lines  1870  through  1890. 

The  seven  tests  are  performed  in  a  FOR-NEXT  loop 
which  runs  from  line  1910  to  2120.  This  loop  sets  up  the 
testing  conditions  as  specified  in  the  TR ,  takes  the  reading 
using  the  Digital  Multimeter,  and  compares  the  results  to 


the  limits  using  the  FNTEST  function. 


These  seven  measurements  are  used  in  the  fault 


isolation  flow  chart  to  determine  any  fau 1 ty  components. 

The  flow  chart  for  this  test  series  is  shown  in  Figure  1  of 
APPENDIX  E.  The  software  equivalent  of  this  flowchart 
begins  at  line  2140  and  ends  at  line  2340  and  uses  the 
F0(JND_BAD  subprogram  to  display,  print,  and  store  the 
resulting  bad  parts. 

C-  VBMT ,  I FKT ,  and  I FMT  Op  Amp  Circuits  (210010-214060) 
There  are  three  operational  amplifier  circuits  on 
the  CCA  which  are  tested  for  proper  gain  at  different 
frequencies.  Each  of  the  three  independent  fault  isolation 
routines  for  these  circuits  are  exactly  identical  except  for 
the  test  numbers,  part  numbers,  and  a  few  voltage  readings. 
These  three  series  have  six  individual  tests,  plus  one  check 
called  Test8,  that  fault  isolate  the  VBMT,  I FKT,  and  I FMT 
operational  amplifier  circuits  respectively.  The  first  five 
tests  involve  DC  voltages  and  the  sixth  test  an  AC  voltage. 
The  additional  calculation  called  Test8  is  needed  for  one  of 
the  fault  isolation  flowchart  branches.  Descriptions  of 
each  individual  test  can  be  found  in  the  Fault  Isolation  TR 
located  in  APPENDIX  B  under  test  numbers  210010  through 
210060  for  the  VBMT  circuit,  212010  through  212060  for  the 
I FKT  circuit,  and  214010  through  214060  for  the  I FMT 
c i rcu i t . 


The  subroutine  used  for  the  VBMT  op  amp  circuit 
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begins  on  line  number  2400  with  the  subroutine  name  T21010 
and  ends  on  line  number  3120.  Because  the  AC  signal  and 
readings  used  in  the  fifth  test  are  at  10  Hz,  the  Digital 
Multimeter  must  be  used  to  digitize  the  waveforms  and 
calculate  the  rms  values.  These  digitized  waveforms  are 
stored  in  arrays  which  are  allocated  in  line  2430.  The  741 
operational  amplifier  must  have  a  chip  clip  attached  to  it 
and  this  is  accomplished  using  the  FIND_IT  subprogram  in 
line  2450.  Test  numbers,  limits,  and  matrix  point 
coordinates  are  contained  in  the  DATA  statements  on  I ines 
2470  and  2480. 

Once  again  a  FOR-NEXT  loop  is  used  to  set  up  the 
individual  testing  conditions,  close  the  appropriate  matrix 
points,  take  the  measurements,  and  compare  the  results  to 
the  limits.  This  loop  begins  on  line  2530  and  ends  on  line 
2820.  Inside  this  loop  there  is  an  IF-THEN-ELSE  format 
which  separates  the  DC  tests  from  the  AC  test.  The  FNDVMR 
function  is  used  to  take  the  DC  readings  in  line  2660  and 
the  DVM_T I  ME  and  FNDVMRMS  subprogram  and  function  used  to 
digitize  the  AC  waveforms  and  convert  them  to  an  rms  value 
in  lines  2740,  2750,  2780,  and  2790.  After  all  six 
measurements  have  been  completed,  the  Function  Generator 
used  for  the  DC  and  AC  stimulus  is  turned  off  by  the  TOGGLE 
subprogram  in  line  2840  and  the  waveform  storage  arrays  are 
deallocated  or  erased  from  memory  in  line  2860. 

The  second  major  section  of  the  routine  performs  the 
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actual  fault  isolation  in  accordance  with  the  fault 
isolation  flowchart  for  this  circuit  which  is  shown  in 
Figure  2  of  APPENDIX  E.  Program  lines  2870  through  3100 
implement  this  flowchart  using  IF-THEN-ELSE  statements  and 
the  F0UND_BAD  subprogram  to  indicate  the  bad  parts.  Line 
number  3120  forces  program  flow  back  to  the  menu  after 
completion  of  this  test  series. 

The  I FKT  and  IFMT  operational  amplifier  routines  are 
identical  to  the  VBMT  routine  described  above.  The  I FKT 
subroutine  is  labeled  T21200  and  begins  on  line  3730  and  the 
IFMT  subroutine  is  labeled  T21400  and  begins  on  line  5900. 

The  fault  isolation  flowcharts  are  shown  in  Figures  4  and  7 
of  APPENDIX  E. 


differences  only  in  test  numbers,  test  values,  and  part 


numbers.  However,  there  are  a  few  additional  variations  in 
circuit  conf i gurat i on  and  the  appropriate  software.  Test 
descriptions  can  be  found  on  pages  3  through  5  of  the  Fault 
Isolation  TR  document  included  in  APPENDIX  B. 

The  Subroutine  for  the  VBMH  comparator  circuit  is 
labeled  T21050  and  begins  on  line  number  3130.  The  FIND_IT 
subprogram  is  used  in  lines  3190  and  3200  like  before  to 
instruct  the  operator  to  connect  the  chip  clip  and  the  red 
probe  to  the  specified  CCA  components.  The  DATA  statements 
in  lines  3230  and  3240  contain  the  test  numbers,  limits,  and 
matrix  point  coordinates  for  the  various  measurements . 

There  are  seven  tests  in  this  series  and  a  FOR-NEXT  loop 
running  from  line  3320  through  3510  handles  the  setup 
conditions,  closing  the  proper  matrix  points,  taking  the 
readings,  and  comparing  the  results  to  the  limits.  All  the 
readings  are  DC  voltages  and  are  obtained  using  the  Digital 
Multimeter  and  the  FNDVMR  function  in  line  number  3410.  As 
in  all  the  CCA  tests,  the  FNTE5T  function  is  used  in  line 
3480  to  compare  the  results  with  the  limits,  store  the 
results  in  the  data  array,  and  display  the  results  on  the 
screen . 

The  section  of  software  beginning  on  line  3520  and 
ending  on  line  3600  performs  the  actual  fault  isolation  of 
bad  parts  in  accordance  with  the  fault  isolation  flowchart 
shown  in  Figure  3  of  APPENDIX  V.  This  section  of  software 
uses  the  IF-THEN-ELSE  format  and  the  F0UND_BAD  subprogram  to 
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determine  and  display,  if  any,  the  bad  parts. 

The  fault  isolation  routines  for  the  IFKL  and  I FKH 
comparator  circuits  are  run  consecutively  before  returning 
to  the  menu.  The  subroutine  which  performs  these  two  fault 
isolation  routines  is  labeled  T21240  and  begins  on  line 
number  4490  and  ends  on  line  5890.  The  IFKL  routine  is 
performed  first  followed  by  the  IFKH  routine  which  begins  on 
line  5250.  These  two  fault  isolation  routines  are  almost 
identical  to  that  of  the  VBMH  comparator  routine  described 
above.  The  fault  isolation  flowcharts  for  these  circuits 
are  shown  in  Figures  5  and  6  of  APPENDIX  E. 

The  fau 1 t  isolation  routines  for  the  IF ML  and  IFMH 
comparator  circuits  are  also  run  consecutively  before 
returning  to  the  menu.  This  subroutine  is  labeled  T21440 
and  includes  program  lines  6660  through  7840.  The  IFML 
fault  isolation  routine  is  performed  first  and  the  IFMH 
routine,  which  begins  on  line  7290  is  performed  second.  The 
software  and  individual  tests  for  these  two  circuits  are 
also  almost  identical  to  that  of  the  VBMH  comparator 
circuit.  The  fault  isolation  flowcharts  for  these  circuits 
can  be  seen  in  Figures  8  and  9  of  APPENDIX  E. 

E.  Full  Power  CDC/FPD  Logic  Circuits  (300110-300180) 

The  CDC  and  FPD  logic  circuits  are  simple  optically 
isolated  switching  networks  and  are  almost  identical.  There 


are  four  individual  tests  performed  on  the  two  circuits 
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making  a  total  of  eight  tests  for  this  series.  The  two 
series  of  four  tests  are  identical  except  for  the  fourth 
test  in  which  the  5  volt  power  supply  is  turned  off  in  the 
first  series  and  the  CCA  connector  pin  P2-39  is  opened  for 
the  second.  The  complete  test  descriptions  are  found  on 
page  6  of  the  Fault  Isolation  TR  located  in  APPENDIX  B. 

The  subroutine  which  performs  these  eight  tests  is 
ca lied  T30010  and  begins  on  line  7850  of  the  Fault  Isolation 
Program.  Again  the  F I ND_I T  subprograms  are  used  to  instruct 
the  operator  where  to  connect  the  measurement  probes  on  the 
CCA.  The  DATA  statements  in  lines  7970  through  8000  contain 
the  part  numbers  for  each  network,  test  numbers,  limits,  and 
the  coordinates  for  the  matrix  points  to  be  closed.  The 
OCC'OIB")  statement  in  line  8020  grounds  the  P2-39  pin 
through  the  Open  Collector  Output  Card  in  the 
Mu  1 1 i programmer  prior  to  testing. 

The  actual  measurements  are  taken  within  a  nested 
FOR-NEXT  loop  beginning  on  line  number  8060  and  ending  on 
line  number  8200.  The  steps  in  the  loop  are  repeated  for 
all  of  the  eight  tests  and  include  reading  the  data  for  a 
test,  setting  up  the  testing  conditions,  taking  the 
measurement,  and  comparing  the  results  to  the  limits.  The 
first  two  measurements  of  each  series  are  DC  and  are 
obtained  using  the  Digital  Multimeter  and  the  the  FNDVMR 
function  in  line  8120.  The  last  two  readings  are  TTL  logic 
levels  which  are  obtained  through  the  Digital  Read  Card  in 
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the  Mu  1 1 i programmer  and  the  FNDR$  function  in  line  8  150. 

The  fau I t  isolation  flowcharts  for  these  two 
circuits  are  shown  in  Figures  10  and  11  of  APPENDIX  E. 

Except  for  the  part  numbers  they  are  also  identical  and  the 
software  equivalent  is  performed  in  lines  8210  through  839C 
following  the  loop  described  above.  A  larger  FOR-NEXT  loop 
which  is  run  twice,  once  for  each  circuit,  begins  on  line 
number  8040  and  ends  on  1 i ne  number  8400  includes  the 
measurement  taking  loop  and  flowchart  section  described 
above.  After  the  fault  isolation  routines  for  the  CDC  and 
FPD  circuits  have  been  completed,  the  program  returns  to  the 
menu  by  the  GOTO  statement  in  line  8420. 

F.  Power  On  Sequence  Logic  Tests  (34010-34100) 

There  are  two  sections  of  these  tests  which  are 
called  from  the  menu.  The  first  part  includes  test  numbers 
1  through  4  and  the  second  part  includes  test  numbers  5 
through  10  as  seen  on  page  14  of  the  Acceptance  Test  TR 
contained  in  APPENDIX  A.  The  subroutines  in  the  program 
include  lines  8710  through  10270  and  are  exactly  identical 
to  those  described  in  the  Acceptance  Test  Program.  They  are 
repeated  here  only  to  determine  which  of  the  fourteen 
outputs  measured  did  fail.  Once  this  has  been  determined, 
the  appropriate  fault  isolation  routines  can  be  initiated. 

Whenever  a  failure  occurs  in  this  section,  the 
subroutine  WHICH  ONE  is  called  to  determine  which  of  the 
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outputs  failed.  This  routine  begins  on  line  number  21840 
and  ends  on  1 ine  number  22210.  The  character  string  of 
outputs  obtained  from  the  test  is  compared  with  the  correct 
character  string  formed  from  the  test  limits,  which  are  of 
octal  form,  produc i ng  the  pin  number  of  the  bad  output.  The 
appropriate  fault  isolation  routine  or  routines  are  then 
i n i t i ated . 


G.  U1  Timer  Circuit  (310110-310170) 

Some  of  the  CCA  circuits  involve  several  smaller 
circuits  which  can  be  broken  apart  and  tested  individually. 
In  addition  to  this  fact,  several  of  these  smaller  circuits 
overlap  to  form  other  networks  of  the  CCA.  It  is  because  of 
this  that  a  separate  section  of  subroutines  for  each  of  the 
srna  i  1  er  circuits  was  developed  and  included  at  the  end  of 
the  main  program.  The  section  of  software  listed  in  lines 
8430  through  8700  includes  three  subroutines  called  from  the 
menu  that  in  turn  call  the  appropriate  fault  isolation 
routines  for  the  smaller  circuits  that  make  up  that  network. 
The  following  is  a  description  of  the  first  of  these 
subrout i nes . 

The  U1  Timer  Circuit  consists  of  a  555  timer  and 
associated  components  which  create  a  nominal  delay  of  315 
seconds  upon  triggering  through  the  P2-36  CCA  pin.  The 
subroutine  for  this  circuit  includes  program  lines  10780 
through  12430  which  also  contains  a  separate  routine  for 
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tailoring  the  time  delay  if  necessary.  A  total  of  seven 
tests  are  performed  in  this  series,  a  I  1  of  which  are 
accompl i shed  inside  the  FOR-NEXT  loop  beginning  on  1 i ne 
11030  and  ending  on  line  11310.  The  descriptions  of  these 
tests  can  be  found  on  page  6  of  the  Fault  Isolation  TR 
conta i ned  i n  APPEND  IX  B . 

The  FIND_IT  subprogram  and  DATA  statements  in  lines 
10850  through  10990  are  used  as  described  in  previous 
subroutine  descriptions.  The  testing  loop  mentioned  above 
also  performs  the  same  tasks  as  those  of  the  previous 
subroutines.  Inside  this  loop  however  is  a  REPEAT-UNTI^ 
loop  which  uses  the  clock  in  the  computer  to  measure  the 
time  delay  of  the  circuit  in  the  fifth  test.  The  other  six 
tests  are  DC  voltage  measurements  and  use  the  Digital 
Multimeter  and  FNDVMR  function  in  line  11270. 

Following  the  testing  loop,  the  section  of  software 
which  is  equivalent  to  the  fault  isolation  flowchart  shown 
in  figure  12  of  APPENDIX  E  is  performed.  This  section 
includes  lines  11330  through  11750  and  determines  the  bad 
components  or  initializes  the  tailoring  routine  if 
necessary . 

The  tailoring  routine  begins  on  line  11960  and  is 
used  to  tailor  the  resistor  R3  i n  an  effort  to  produce  a 
time  delay  within  the  TR  tolerances.  If  in  the  fifth  test 
when  the  time  delay  is  measured,  the  circuit  does  switch  but 
at  a  time  just  outside  the  limits,  this  routine  will  be 
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called.  When  this  happens,  the  operator  must  clip  the  R3 
res i stor  off  al lowing  this  resistance  to  be  measured  by  the 
Digital  Multimeter  (program  line  12120).  A  new  value  is 
then  calculated  from  this  value  and  the  actual  time  delay 
measured  in  the  fifth  test.  This  new  value  is  then  inserted 
into  the  circuit  using  the  Decade  Resistor  and  the  DECADE 
subroutine  in  line  12370  and  the  test  series  repeated.  If  a 
resi stance  value  cannot  be  calculated,  then  all  of  the 
timing  components  are  replaced  and  the  program  returns  to 
the  menu. 


H.  U2  Timer  Circuit  (310410-310480) 

The  U2  Timer  Circuit  also  uses  a  555  timer  tc  create 
a  time  delay.  This  timer  with  its  associated  components 
produce  a  nominal  time  delay  of  200  milliseconds  upon  a 
trigger  from  the  Q7-Q8  Transistor  Circuit  which  will  be 
discussed  later.  There  are  eight  individual  tests  in  this 
series,  all  of  which  are  DC  voltage  readings  except  for  the 
sixth  test  which  is  the  time  delay  measurement.  The  eight 
tests  are  described  on  page  7  of  the  Fault  Isolation  TR 
contained  in  APPENDIX  B. 

The  subroutine  for  this  test  series  is  called 
U2_TIMER  and  begins  on  line  number  12450.  The  format  of 
this  routine  is  the  same  as  all  the  routines  that  have  been 
discussed  earlier.  It  begins  with  the  FIND_IT  and  DATA 
statements  followed  by  the  FOR-NEXT  loop  beginning  on  line 


12670  which  performs  the  eight  tests.  The  Frequency  Counter 
and  FNCNTR  function  in  line  12830  are  used  to  measure  the 
time  delay  of  the  circuit  while  the  Digital  Multimeter  ana 
FNDVMR  function  in  1 i ne  12720  used  to  make  the  DC  readings. 
The  CNT5  subprogram  is  used  in  line  12810  to  configure  the 
Counter  for  a  time  A  to  B  measurement. 

The  fault  isolation  flowchart  for  this  circuit  is 
shown  in  Figure  13  of  APPENDIX  E  and  reproduced  in  the 
software  section  running  from  lines  12910  through  13340.  No 
tailoring  is  required  for  this  circuit. 

I.  U3  Timer  Circuit  (320110-320160) 

This  circuit  also  has  a  555  timer  and  with  its 
associated  components,  produces  a  nominal  time  delay  of  15 
seconds.  The  trigger  for  this  circuit  is  again  the  CCA 
connector  pin  P2-56  which  is  control  led  by  the  Open 
Col  lector  Output  Card  in  the  Mu i t i programmer .  A  total  of 
six  tests  are  performed  on  this  circuit  and  are  described  on 
page  7  of  the  Fault  Isolation  TR  located  in  APPENDIX  B.  The 
fifth  test  in  this  series  measures  the  time  delay  of  the 
circuit  while  the  other  five  tests  measure  DC  voltages. 

The  U3_TtMER  subroutine  begins  on  line  number  13390 
and  ends  on  line  number  14130  and  a  1  so  follows  the  standard 
format  described  previously.  The  P2-36  pin  is  initially 
grounded  by  the  Open  Collector  Output  Card  and  the  OC("0") 


statement  in  line  13570.  The  program  then  waits  10  seconds 
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for  the  timing  capacitors  to  discharge  and  then  begins  the 
FOR-NEXT  test  loop  at  1 i ne  13590.  During  the  firth  test,  a 
REPEAT_UNT!L  loop  is  used  in  lines  13690  through  13730  to 
measure  the  time  delay  of  the  circuit  with  the  clock  in  the 
computer .  All  other  measurements  are  obtained  in  line  13630 
using  the  Digital  Multimeter  and  FNDVMR  function. 

Program  lines  13820  through  14100  perform  the 
software  equivalent  of  the  fault  isolation  flowchart  shown 
in  Figure  14  of  APPENDIX  E.  The  F0UND_BAD  subprogram  is 
used  to  print  and  store  any  bad  parts  which  are  found. 

J.  U25  Timer  Circuit  (330110-330210) 

The  f au 1 t  isolation  routine  for  this  circuit  is  a 
little  more  involved  than  that  of  the  U2  or  U3  Timer 
Circuits  due  to  additional  switching  circuitry  on  the  output 
stage  of  the  555  timer.  This  circuit  provides  a  nominal 
time  delay  of  1  second  and  is  triggered  by  the  output  of  the 
U24  NAND  gate.  This  gate  is  control  led  by  the  Pl-34  input 
pin  and  the  output  of  the  Q7-Q8  Transistor  Circuit  which 
will  be  discussed  later.  A  description  of  the  11  individual 
tests  which  make  up  this  series  can  be  found  on  page  8  of 
the  Fault  Isolation  TR  contained  in  APPENDIX  B. 

The  software  for  this  fault  isolation  routine  is 
called  U25_TIMER  and  includes  program  lines  14)50  through 
15290.  The  format  is  again  standard  beginning  with  the 
FIND_IT  subprogram  cal  Is  and  the  DATA  statements  fol  lowed  by 


the  test  and  measurement  loop  and  the  fault  isolation  logic. 
The  FOR_NEXT  loop  which  performs  the  1 1  tests  begins  on  line 
14430  and  ends  on  1 ine  14650.  After  the  initial  testing 
conditions  are  established  in  lines  14450  through  14520,  the 
measurements  are  obtained  using  the  Digital  Multimeter  and 
the  FNDVMR  function  in  line  14610.  During  the  eighth  test 
however  the  time  delay  measurement  is  obtained  using  the 
Frequency  Counter  and  the  FNCNTR  function  in  lines  14530 
through  14600. 

The  fault  isolation  logic  follows  the  flowchart 
developed  for  this  circuit  and  is  shown  in  Figure  15  of 
APPENDIX  E.  This  section  includes  program  lines  14680 
through  15260  and  uses  the  IF-THEN-ELSE  statements  and  the 
FOUND_BAD  subprograms  to  display,  print,  and  store  any  bad 
parts  which  are  found. 

K.  P2-11/35  Input  Circuit  (310210-310230) 

The  output  of  the  Ut  Timer  Circuit  discussed  earlier 
is  wire-QRed  with  the  output  of  the  P2-11  and  35  Input 
Circuit.  This  circuit  is  very  simple  and  only  requires 
three  tests  for  the  fault  isolation  routine.  These  tests 
are  described  on  page  6  of  the  Fault  Isolation  TR . 

The  P2_l l _ 3 5  subroutine  begins  on  line  number  15300 

with  the  standard  FIND_JT  subprogram  calls  and  the  DATA 
statements  in  lines  15370,  15380,  15500,  and  15510.  However 
in  this  test  series  a  section  of  software  before  the  DATA 
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statements  is  required  to  trigger  the  Ul  Timer  Circuit 
causing  the  output  of  this  circuit  to  become  low  or  almost 
zero  volts.  This  section  includes  program  lines  15400 
through  15460  and  makes  it  easier  to  test  the  P2- 11/35 
Circuit.  The  FOR-NEXT  loop  which  includes  lines  15530 
through  15640  closes  the  proper  matrix  relays,  applies  the 
required  stimulus,  takes  the  DC  voltage  readings,  and 
compares  the  results  to  the  TR  limits.  The  T0GGLE(-5) 
statement  in  line  15650  turns  off  the  stimulus,  power  supply 
number  5,  which  was  used  in  the  third  test. 

Program  lines  15680  through  15810  perform  the  fault 
isolation  routines  according  to  the  fault  isolation 
flowchart  in  Figure  16  of  APPENDIX  E. 

L.  Q7-Q8  Transistor  Circuit  (310310-310350) 

The  Q7-Q8  Transistor  Circuit  is  controlled  by  the 
wire-ORed  circuits  described  above.  This  circuit  is  also 
very  simple  and  requires  five  tests  which  are  described  on 
page  7  of  the  Fault  Isolation  TR  contained  in  APPENDIX  B. 

The  subroutine  for  this  test  series,  called  Q7_Q8, 
begins  on  line  number  15860  and  is  similar  to  that  of  the 
P2-11/35  Circuit  discussed  above.  The  section  of  software 
running  from  line  15990  to  16040  triggers  the  Ul  Timer 
Circuit  causing  the  output  to  become  low  in  the  same  manner 
as  the  P2-11/35  subroutine.  The  DATA  statements  and 
FOR-NEXT  loop,  which  includes  lines  16080  through  16270, 
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then  f o I  low  ana  perform  tne  actual  five  tests.  Program 
1 ines  16300  through  16530  accomp l i sh  the  equivalent  of  the 
fau 1 1  isolation  flowchart  for  t h i  ;  circuit  which  is  shown  in 
Figure  17  of  APPENDIX  E. 

M.  P2-12  Output  Circuit  ( 3202 1 0-320250 ) 

The  P2-12  Output  Circuit  is  a  simple  three  stage 
transistor  switching  network  which  controls  the  CCA  pin 
P2-I2.  The  circuit  is  controlled  directly  by  the  U3  Timer 
Circuit  and  includes  a  total  of  five  tests  which  are 
described  on  page  8  of  the  Fault  Isolation  TR.  All  the 
readings  are  in  DC  volts,  however  two  of  them  are  converted 
to  TTL  Logic  levels  by  the  Digital  Read  Card  in  the 
Multi  programmer . 

The  fault  isolation  subroutine  for  this  circuit 
includes  program  lines  16580  through  17230.  After  the 
probes  have  been  connected  to  the  specified  parts  in  lines 
16670  through  16690,  the  U3  Timer  Circuit  is  triggered 
causing  its  output  to  become  low  or  almost  zero  volts.  This 
is  accomplished  in  the  REPEAT-UNTIL  loop  beginning  on  line 
16740  by  monitoring  the  output  with  the  Digital  Multimeter 
with  the  U3  Timer  trigger  input  P2-36  open.  Once  this  has 
occurred,  the  testing  is  performed  as  always  during  the 
FOR-NEXT  loop  running  from  line  16830  to  16950.  Test 
numbers  one  and  four  use  the  Digital  Read  Card  and  FN0R$ 
function  in  line  16910  to  obtain  the  TTL  logic  levels  while 
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the  other  tests  simply  use  the  Digital  Multimeter  and  FNDVMR 
function  in  line  16880.  Program  lines  16970  through  17200 
perform  the  fault  isolation  in  accordance  with  the  flowchart 
in  Figure  18  of  APPENDIX  E. 

N.  P2-1  Input  Circuit  (340110-340150) 

The  P2-1  Input  Circuit  is  a  combination  transistor 
and  optical  isolator  switching  circuit  which  uses  the  open 
collector  logic  CCA  input  pin  P2-1  as  the  controller.  The 
output  of  this  circuit  is  wire-QRed  with  the  outputs  of  the 
five  comparator  circuits  discussed  at  the  beginning  of  this 
chapter.  The  fault  isolation  routine  for  this  circuit  is 
comprised  of  five  individual  tests  and  one  check,  all  of 
which  are  described  on  pages  8  and  9  of  the  Fault  Isolation 
TR  contained  in  APPENDIX  B. 

The  portion  of  software  in  the  Fault  Isolation 
Program  which  performs  this  test  series  includes  lines  17250 
through  18000.  This  subroutine,  which  is  called  P2_l , 
begins  with  the  required  FIND_IT  subprogram  calls  and  then 
sets  up  the  comparator  power  supply  sequence  which  is 
described  at  the  top  of  page  13  of  the  Acceptance  Test  TR. 
This  stimulus  sequence  forces  the  outputs  of  all  five 
comparator  circuits  to  be  in  the  low  state  so  that  there  is 
no  interference  with  the  P2-1  Input  Circuit  test.  Program 
lines  17370  through  17410  perform  the  necessary  actions 
needed  for  this  sequence.  The  OC ( " 1 " )  subprogram  call  in 
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line  number  17460  grounds  the  P2-1  input  pin  through  the 
Open  Col  lector  Output  Card  contained  in  the  Mu  1 1 i programmer 
pr i or  to  beginning  the  FOR-NEXT  testing  loop. 

The  test  loop,  which  includes  lines  17470  through 
17540  is  short  and  simple.  The  required  Measurement  Matrix 
relay  is  closed,  the  measurement  taken  using  the  Digital 
Multimeter,  the  results  compared  to  the  TR  limits  using  the 
FNTEST  function,  and  Measurement  Matrix  relay  is  opened  back 
up.  On  the  third  test  however,  the  P2-1  input  pin  is 
released  by  the  OC("9")  subprogram  ca 1 1  in  line  17500.  Upon 
completion  of  the  five  tests,  the  comparator  power  sequence 
is  turned  off  by  the  statements  in  lines  17560  through 
17580.  The  section  of  software  running  from  line  17590  to 
17970  performs  the  fault  isolation  with  accordance  to  the 
flowchart  shown  in  Figure  19  of  APPENDIX  E. 

0.  P2-13  Output  Circuit  (340210-340280) 

This  circuit  is  a  transistor  switching  network 
controlled  by  three  sources  which  are  wire-ORed  together. 

The  first  input  is  the  CCA  pin  P2-35,  tne  second  is  the 
output  of  the  U3  Timer  Circuit,  and  the  third  input  is  the 
output  of  the  Flip  Flop  Circuit  which  will  be  discussed 
later.  A  total  of  eight  tests  make  up  this  fault  isolation 
series  and  involve  both  DC  voltage  measurements  and  TTL 


logic  levels.  The  comparator  power  sequence  described  above 
is  applied  initially  here  also  as  well  as  controlling  the 
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two  open  collector  logic  pins  P2- 1  and  P2-36.  The 
descriptions  of  the  initial  set  up  conditions  and  the  e '  ght- 
tests  can  be  found  on  page  9  of  the  Fault  Isolation  TR . 

The  subroutine  for  the  fault  isolation  series  begins 
on  line  18020.  Lines  18140  through  18180  apply  the 
comparator  power  sequence  in  the  identical  manner  as  that  in 
the  P2-1  subroutine.  The  FUNGEN ( 0 , " 1 5V" )  call  statement  in 
line  18190  sets  up  the  Function  Generator  for  the  15  volt 
source  needed  in  the  third  test.  The  two  open  collector 
logic  pins  mentioned  above  are  configured  in  lines  18250  and 
18260  according  to  the  TR.  Also,  before  testing  can  start, 
the  U3  Timer  Circuit  must  have  switched  to  the  low  state. 
This  is  checked  in  the  REPEAT-UNT I L  loop  and  associated 
software  logic  which  includes  lines  18300  through  18410. 

The  testing  is  then  ready  to  be  performed  by  the 
standard  FOR-NEXT  loop  running  from  line  18440  to  18780.  In 
this  loop,  the  DC  voltage  readings  are  obtained  in  line 
18480  and  the  TTL  logic  levels  in  line  18740.  The 
additional  software  inside  the  loop  simply  takes  care  of  the 
testing  conditions  required  by  the  TR.  The  REPEAT-UNTIL 
loop  beginning  on  line  18660  waits  for  the  U3  Timer  to 
expire  after  it  has  been  retriggered  in  the  seventh  test. 
After  the  eight  tests  have  been  completed,  the  comparator 
power  sequence  is  turned  off  and  the  fault  isolation  routine 
running  from  line  18830  to  19210  is  performed  in  accordance 
with  the  flowchart  shown  in  Figure  20  of  APPENDIX  E. 
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P.  P2-37/38  Output  Circuit  (340310-340420) 

The  CCA  output  pins  P2-37  and  P2-38  are  both 
optically  isolated  TTL  logic  outputs  wired  in  series.  As 
long  as  the  control  pin  P2- 1 4  remains  grounded,  both  inputs 
will  always  be  in  the  same  state.  When  the  P2-14  pin  is 
open  the  output  pin  P2-38  is  forced  to  a  high  state.  This 
circuit  is  controlled  by  the  U 1  Timer  Circuit  output,  113 
Timer  Circuit  output,  and  the  P2- 1  Input  Circuit  output. 

The  circuit  is  therefore  difficult  to  test  and  requires  a 
total  of  twelve  individual  tests  which  are  described  on 
pages  9  and  10  of  the  Fault  Isolation  TR.  The  comparator 
power  sequence  described  in  the  previous  fault  isolation 
subroutines  is  applied  here  also. 

The  fault  isolation  subroutine  for  the  P2-37/38 
Output  Circuit  begins  on  line  19260  by  executing  five 
FIND_IT  subprogram  calls  and  the  comparator  power  sequence 
in  lines  19400  through  19440.  The  DATA  statements  which 
contain  all  the  important  test  information  are  next  followed 
by  the  F0R_NEXT  test  loop  which  runs  from  line  19510  to 
19870.  As  one  can  see  in  this  section,  both  the  Digital 
Multimeter  (FNDVMR  function)  and  Digital  Read  Cards  (FNDR$ 
function)  are  used  to  obtain  the  DC  voltages  and  TTL  logic 
levels  respectively.  The  open  collector  logic  pins  P2-36 
and  P2-1  are  controlled  by  the  OC  subprogram  in  lines  19560, 
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19610,  and  19720  while  the  P2  -  1  4  pin  is  controlled  Dy  the 
"T24"  Stimulus  Matrix  relay  in  lines  19500  and  19540. 

Fol lowing  the  FOR-NEXT  loop,  the  comparator  power 
sequence  is  turned  off  by  the  TOGGLE  and  STIM  subprogram 
calls  in  lines  19880  through  19900.  The  fault  isolation 
flowchart  shown  in  Figure  21  of  APPENDIX  E  is  then 
implemented  by  program  lines  19910  through  20610. 

Q.  Flip  Flop  Circuit  (340510-340610) 

The  Flip  Flop  Circuit  is  a  very  interesting  circuit 
to  analyze  and  fault  isolate.  There  are  two  inputs,  one 
output,  and  an  array  of  components  which  cause  the  circuit 
to  act  somewhat  like  a  flip  flop.  Brute  force  is  used  to 
isolate  the  components  in  this  fault  isolation  series  which 
is  made  up  of  eleven  individual  tests.  Page  10  of  the  Fault 
Isolation  TR  contained  in  APPENDIX  B  describes  these  eleven 
tests  . 

All  eight  of  the  measurement  probes  are  used  in  the 
FLIP_FL0P  subroutine  which  begins  on  line  number  20660  along 
with  the  comparator  power  sequence.  Program  lines  20750 
through  20930  include  the  FIN0_IT  subprogram  calls,  the 
application  of  the  comparator  power  sequence,  and  the  DATA 
statements . 

The  FOR-NEXT  test  loop  runs  from  line  20940  to  line 
21180  and  follows  much  the  same  format  of  previous  loops. 
However,  in  line  21080,  one  of  the  measurement  probes  is 
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moved  to  a  different  component  on  the  CCA.  After  the  e i even 
tests  have  been  performed,  the  comparator  power  sequence  is 
turned  off  and  the  fault  isolation  riowchart  snown  in  Figure 
22  of  APPENDIX  E  is  implemented  by  the  software  which 
includes  lines  21240  through  21790. 

R.  °ulse  Train  input  Test  (9Q010) 

The  Pulse  Train  Input  test  is  a  single  test  which 
was  added  to  the  Acceptance  Program  to  check  the  U24  NAND 
gate  on  the  CCA  which  otherwise  would  not  be  caught  if  it 
was  defective.  The  test  is  repeated  as  a  fault  isolation 
subroutine  in  order  to  complete  the  coverage  of  CCA 
components.  The  test  description  is  found  under  10  CODE 
90010  on  page  2  of  the  Fault  Isolation  TR. 

The  T90010  subroutine  includes  lines  10280  through 
10460  and  is  very  straight  forward  with  no  loops.  The  gated 
pulse  train  which  is  described  in  the  Acceptance  Test  TR  is 
generated  using  the  Pulse  Generator  (PULGEN  subprogram)  and 
the  Pulse/Function  Generator  (PULFUN  subprogram)  in  lines 
10350  and  10360.  The  signal  is  then  applied  to  the  CCA  pin 
PI -34  through  the  Patchbox  Circuit  logic  which  is  enabled  by 
the  Digital  Write  Card  in  the  Mu  1 1 i programmer  and  the 
DW("100B")  subprogram  call  in  line  10370. 

The  Frequency  Counter  is  used  to  measure  the  pulse 
width  at  the  input  to  check  for  any  distortion  or 
attenuation  which  might  be  caused  by  a  defective  U24  chip. 
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The  measurement  is  returned  by  the  FNCNTR  function  in  I ine 
10420  and  then  compared  to  the  limits  in  line  10440  using 
the  FNTEST  function.  If  the  test  f a i Is,  the  FOUND_BAD 
subprogram  call  in  line  10450  instructs  the  operator  to  have 
U24  replaced. 

5.  Patchbox  Adapter  Circuit  ( TE5TX 1 -TESTX5 ) 

Because  the  Patchbox  Adapter  Circuit  is  not  part  of 
the  CCA,  actua 1  tests  using  the  standard  data  arrays  and 
FNTEST  software  function  cannot  be  used.  The  five  tests 
which  make  up  this  fault  isolation  series  are  independent  of 
the  CCA  tests  and  are  therefore  considered  only  "checks"  of 
proper  operation.  Page  2  of  the  Fault  Isolation  TR  describes 
the  five  "checks”  under  TESTX1  through  TESTX5.  The  Patchbox 
Adapter  Circuit  itself  consists  only  of  one  7408  Quad 
2- Input  AND  Gate  which  makes  the  testing  quite  simple. 

The  PATCHBX  subroutine  begins  on  line  number  10470 
and  ends  on  line  number  10730.  There  are  no  loops  in  this 
test  series  and  al 1  tests  use  the  FIT  subprogram  instead  of 
the  FNTEST  function  which  is  used  for  CCA  tests.  The  Pulse 
Generator  and  Digital  Write  Card  are  used  to  apply  the 
signals  to  the  circuit  and  the  Frequency  Counter  and  Digital 
Multimeter  used  to  obtain  the  readings.  The  comparison  of 
readings  to  the  TP  limits  is  performed  by  the  FIT  subprogram 
in  lines  10580,  10600,  10620,  10660,  and  10680.  A  pass/fail 


Boolean  code  is  returned  by  these  subprograms  in  the  XI -X5 
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variables  and  if  any  of  these  are  a  "1",  a  fai lure,  then  the 
7408  AND  gate  must  be  replaced. 
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CONCLUSION'S 

The  software  developed  for  this  thesis  project  performs 
automated  testing  of  the  CCA  used  in  this  project  in  accordance  with 
the  Naval  Acceptance  Test  Requirements.  This  software  also  performs 
automated  fault  isolation  procedures  on  the  CCA  whenever  failures  occur 
during  the  Acceptance  Test.  A  complete  circuit  analysis  must  be  derived 
in  order  to  develop  the  fault  isolation  procedures  for  the  various 
circuits  on  the  CCA.  Faulty  or  defective  components  can  then  be 
isolated  quickly  and  easily  by  the  automated  test  set,  TE304 . 

The  TE304  Automated  Test  Set  provides  faster  and  more  reliable 
testing  and  fault  isolation  than  previously  used  test  sets.  The  amount 
of  operator  intervention  is  reduced  to  connecting  only  a  few  measurement 
probes  to  the  components  on  the  CCA  and  then  pressing  the  CONTINUE  key 
on  the  Hewlett  Packard  9826  computer.  Defective  components  are  then 
isolated  automatically  and  the  part  numbers  displayed  on  the  screen, 
printed  on  the  printer,  and  also  stored  in  an  array  for  future  use. 

This  thesis  project  provides  the  Naval  Ordnance  Station  in 
Louisville,  Kentucky  with  a  set  of  concise  and  well  formatted  computer 
programs  which  test  and  fault  isolate  the  CCA  efficiently  and  reliably. 
Complete  circuit  analysis,  the  design  and  construction  of  interface 
circuitry,  the  development  of  fault  isolation  procedures,  and  the 
writing  of  the  software  all  combine  to  make  this  project  a  success. 
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3.0  TEST  REQUIROiENTS 


3.1  TEST  PARAMETERS.  The  inpuc/output  (I/O)  test  parameters  for  the  unit  ere 
specified  In  Table  I  and  apply  when  the  assembly  la  operated  In  accordance 
with  Che  conditions  specified  herein.  The  I/O  code  numbers  of  Table  I 
Identify  related  characteristics  and  specified  toleranced  I/O  conditions 
applicable  to  test.  I/O  codes  of  the  form  XYOOO  (ending  with  3  zeros) 
identify  related  characteristics  and  conditions  applicable  to  toleranced  I/O 
codes  starting  with  the  same  XT.  I/O  codes  not  ending  with  tvree  zeros  are 
the  specific  test  parameters  applicable  to  test. 

3.2  ENVIRONMENTAL  CONDITIONS.  The  tolerances  of  Table  I  apply  when  the  item  is 
tested  in  standard  ambient  test  conditions  as  defined  In  MIL-STD-810. 

3.3  COMMON  INPUT/OUTPUT  TEST  CONDITIONS. 

a.  DC  Voltages 

(1)  +28.0 _+  0.1  Vdc  PI  pins  18,  19,  and  43  referenced  to  P2-1 7  and  42. 

(2)  +5.0  +0.1  Vdc  to  P2  pins  24  and  48  referenced  to  P2-49  and  25. 

(3)  -5.0  +0.1  Vdc  to  P2-47  referenced  to  P2-49  and  25. 

(4)  +/-  5.0  Vdc  Return  to  P2  pins  49  and  25. 

(5)  +28.0  Vdc  Return  to  PI  pins  17  and  42. 

(6)  Connect  28  Vdc  return  to  +5  Vdc  return. 

b.  Gated  TTL  Pulse  Input.  18.5  msec  burst  of  pulses  and  666  msec  off  time. 

(1)  Pulse  Characteristics 

(a)  Pulse  width  800  nsec 

(b)  PRT  20  micro  sec 

(2)  Cate  Pulse  Characteristics 

(a)  Pulse  width  18.5  msec 

(b)  PRT  68  4,5  msec 

c.  Standard  TTL  Logic 

(1)  Logic  1;  +2.4  to  +5.2  Vdc 

(2)  Logic  0;  0.0  to  -K),8  Vdc 
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Open  Collector  Logic 


(1)  Logic  It;  open  (>  10  neg  ohm  resistance) 

(2)  Logic  Ot;  0  to  +0.8  Vdc 

e.  28  Volt  Logic 


(1)  Logic  1*;  +25.0  Vdc 

(2)  Logic  0*;  <  +2.0  Vdc 

f .  Special  Logic 

(1)  14;  +1.0  to  +10  Vdc  (see  Specific  Use) 

(2)  04;  0  to  +0.8  Vdc 

g.  Line  Receiver; 

The  differential  input  voltage  of  the  line  receivers,  supplied  from  a 
matched  source  impedance,  is  nominally  -12  mA  times  the  total  load 
resistance  (Zl).  The  corresponding  logic  of  the  (+)  and  (-)  inputs  is: 

(1)  Logic  1;  (+)  input  positive  with  respect  to  the  (-)  input. 

(2)  Logic  0;  (+)  input  negative  vith  respect  to  the  (-)  input. 

For  test  purposes  the  inputs  shall  be  supplied  by  a  line  driver  or 

equivalent  circuit  (See  Figure  1).  Line  receiver  Inputs  are  Pl-38(+)  and 
PI  — 1 3(-) ,  Pl-39(+)  and  Pl-15(-),  Pl-7(+)  and  Pl-31(->,  and  Pl-32(+)  and 
Pl-8(-). 

h.  Line  Driver: 

The  differential  output  voltage  of  the  line  drivers.  Interfaced  with  a 
matched  impedance  load,  is  nominally  -12  mA  times  the  total  load 
resistance  (Z^).  The  corresponding  logic  of  the  (+)  and  (-)  outputs 
Is: 

(1)  Logic  1;  (+)  output  -0+50  mVdc 

(-)  output  “  (-12  mA  x  Zl)  +  20Z 

(2)  Logic  0:  (+)  output  “  (-12  mA  x  Zl)  +  20Z 

(-)  output  «0+50  mVdc 

For  test  purposes  the  output  lines  shall  be  Interfaced  with  a  line 
receiver  or  equivalent  circuit  (See  Figure  2). 

Line  driver  output  is  Pl-35(+)  and  PI— 33<— ) . 


SCALE  NONE 
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I.  Loads.  The  following  loads  are  Co  be  realized  using  components  chat  meet 

or  exceed  the  specification  contained  herein. 

(1)  Interconnect  a  5.6K  ohm  +5Z  1/4  watt  resistor  from  +28  Vdc  +5Z  to 
PI -3. 

(2)  Interconnect  a  1.0K  ohm  +5Z  1/4  watt  resistor  from  5.0  Vdc  +5Z  to 
P2-9. 

(3)  Interconnect  a  1.0K  ohm  +5Z  1/4  watt  resistor  from  5.0  Vdc  +5Z  to 

P2-12.  ~ 

(4)  Interconnect  a  1.0K  ohm  +5Z  1/4  watt  resistor  from  5.0  Vdc  +5Z  to 
P2-13. 

(5)  Interconnect  a  1.0K  ohm  +5Z  1/4  watt  resl®t"'-  from  5.0  Vdc  +5Z  to 

P2-15.  “ 

(6)  Interconnect  a  1.0K  ohm  +5Z  1/4  watt  resistor  from  5.0  Vdc  +5Z  to 

P2-37.  “ 

(7)  Interconnect  a  250  ohm  +5Z  1/4  watt  resistor  from  5.0  Vdc  +5Z  to 
P2-38. 

(8)  Interconnect  a  1.0K  ohm  +5Z  1/4  watt  resistor  from  5.0  Vdc  +5Z  to 
P2-41. 

(9)  Interconnect  a  5.6K  ohm  +5Z  1/4  watt  resistor  from  ground  r«  PI-1. 

(10)  Interconnect  a  5.6K  ohm  +5Z  1/4  watt  resistor  from  ground  to  Pl-26. 

(11)  Interconnect  a  1.0K  ohm  +5Z  1/4  watt  resistor  from  5  Vdc  to  P2-10. 

(12)  Interconnect  a  1.0K  ohm  +5Z  1/4  umtt  resistor  from  5  Vdc  to  P2-44. 

J.  Terminations;  Connect  pins  Pl-17,  Pl-27,  Pl-42,  P2-14  and  P2-17  to 

ground. 

4.0  ADJUSTMENTS/TAILORING.  Tailor  R3  for  proper  timing  In  I/O  code  31010. 
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TABLE  l  INPUT  OUTPUT  CHARACTERISTICS 


!  0 
CODE 

CHARACTERISTICS  AND  INPUT.  OUTPUT  CONDITIONS 

10000 

RESISTANCE  MEASURE  >£  NTS 

Measure  Che  resistance  between  the  Indicated  points. 

10010 

Resistance  from  TP1-1  to  Pl-17 

1 .0  ohm 

max 

10020 

Resistance  from  TP1-1  to  Pl-42 

1.0  ohm 

max 

10030 

Resistance  from  TP1-13  to  P2-16 

1.0  ohm 

max 

10040 

Resistance  from  TP1-14  to  Pl-3 

1.0  ohm 

max 

10050 

Resistance  from  TP1-15  to  Pl-26 

1.0  ohm 

max 

10060 

Resistance  from  TP1-16  to  PI— 1 

1.0  ohm 

max 

10070 

Resistance  from  TP2-1  to  P2-25 

1.0  ohm 

max 

10080 

Resistance  froa  TP2-1  to  P2-49 

1.0  ohm 

max 

10090 

Resistance  froa  TP2-11  to  P2-33 

1.0  ohm 

HLI1X 

10100 

Resistance  from  TP2-12  to  P2-8 

1.0  ohm 

max 

10110 

Resistance  froa  TP2-13  to  P2-32 

1.0  ohm 

max 

10120 

Resistance  from  TP2-14  to  P2-7 

1.0  ohm 

max 

10130 

Resistance  from  TP2-15  to  P2-1 

1.0  ohm 

10140 

Resistance  froa  TP2-16  to  P2-2 

1.0  ohm 

max 

10150 

Resistance  from  P2-11  to  P2-19 

12  Rohm 

13 

11 

10160 

Resistance  froa  Pl-10  to  PI— 1 1 

12  Rohm 

13 

11 

11000 

CURRENT  DEMAND 

Apply  electrical  power,  as  called  cut  In  paragraph 

3. 3. a.  Measure  Indicated  current  demand. 

11010 

+28.0  VDC  CURRENT  DEMAND 

230  aA 

max 

11020 

+5.0  VDC  CURRENT  DEMAND 

450  mA 

max 

11030 

-5.0  VDC  CURRENT  DEMAND 

60  mA 

max 

SIZE 
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DRAWING  NUMBER 


A 


T 


SCAL  E:  NONE 


REV  LTR 


SHEET 


8 


j  TABLE  I  INPUT  OUTPUT  CHARACTERISTICS 

1  0 
ccoe 

CHARACTERISTICS  and  input  output  conditions 

nominal 

AMO  UNITS 

TOLERANCES 

20000 

TIM  REFERENCE  VOLTAGE. 

Measure  TREF  Voltage  at  P2-27. 

20010 

TREF  VOLTAGE  (P2-27) 

+5.10 

Vdc 

+6.63 

+3.57 

21000 

OA  DC  GAIN,  AC  GAIN  AND  THRESHOLD  TEST. 

DC  Gain:  Apply  the  specified  DC  stimulus  to  the 
indicated  (+)  and  (-)  Inputs.  Measure  the 
corresponding  output. 

AC  Gain:  Apply  an  AC  stimulus  at  the  Indicated 
frequency  and  amplitude  to  the  specified  pins. 

Measure  the  corresponding  output  gain. 

DC  THRESHOLD:  Apply  a  DC  stimulus  at  the  Indicated 
initial  voltage  and  increment  in  10  mVdc  steps  until 
corresponding  output  changes  to  the  specified  logic 
level  and  record  the  input  voltage. 

21010 

VBMT  DC  GAIN 

Input:  P2-3<+)  -  +12.5  +0.5  Vdc 

ref  P2-2(-) 

+0.10 
v/  V 

+0.11 

+0.09 

Output:  P2-26 

ref  P2-27 

21020 

VBMT  AC  RIPPLE  GAIN 

Input:  P2-2(-),  1.00  +0.5  Hr,  4.0  +0.5  Vp-p 

ref  P2-3(+) 

0.0723 
Vrms/V  rms 

0.0871 

0.0575 

Output:  P2-26 

ref  P2-27 

21030 

VBMT  AC  RIPPLE  CAIN 

Input:  P2-2(-),  10.00  +0.05  Hz,  10.0  +0.5  Vp-p 

ref  P2-3(+) 

0.0100 

Vras/Vn#* 

0.0120 

0.0080 

Output:  P2-26 

ref  P2-27 

C00E10ENT.no.  I0R  awing  NUM8ER 
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TABLE 


I  INPUT  OUTPUT  CHARACTERISTICS 


l  0 

CCOE 

CHARACTERISTICS  AND  INPUT  OU  TPU  T  CONDI  TION  S 

NO  MIN  Aj_ 

0  Jr»i  TS 

TOLERANCES 

21040 

VBMT  AC 

RIPPLE  GAIN 

0.0723 

0.0871 

Input : 

P2-3(+),  1.00  +0.05  Hi,  4.0  +0.5  Vp-p 
ref  P2-2C-) 

Vrns/V  rai 

0.0575 

Output : 

P2-26 
ref  P2-27 

21050 

VBMH  THRESHOLD  INPUT  VOLTAGE 

-7.00 

-5.50 

Input : 

P2-2(-'  Initial  Voltage  "  -5.0  +0.5  Vdc 
ref  P2-3C+) 

Vdc 

-9.00 

Output : 

Pl-48  »  Logic  1 

21200 

IFKT  DC 

GAIN 

+2.00 

+2.40 

Input: 

P2-29(+)  -  1.5  +  0.5  Vdc 
ref  P2-28(-) 

P2-6  -  Open 

v/v 

+1.60 

Output : 

P2-4,  ref  P2-27 

21210 

IFKT  AC 

RIPPLE  GAIN 

0.266 

Ge  32  -J 

Input : 

P2-28(-)  -  1.00  +0.05  Hr,  4.0  +0.5  Vp-p, 
ref  P2-29(+) 

P2-6  “  Open 

Vras/V  rms 

0.211 

Output : 

P2-4,  ref  P2-27 

21220 

IFKT  AC 

RIPPLE  GAIN 

0.0250 

0.0300 

Input : 

P2-28(-)  -  10.00  +0.05  He,  10.0  +0.5  Vp-p, 
ref  P2-29(+) 

12-6  -  Open 

Vras/Vrae 

0.0200 

Output: 

P2-4 ,  ref  P2-27 

21230 

IFKT  AC 

RIPPLE  GAIN 

0.266 

0.320 

Input : 

P2-29(+)  -  1.00  +0.05  Ha,  4.0  +0.5  Vp-p, 
ref  P2-28(-) 

P2-6  ■  Open 

Vma/Vrar 

0.211 

Output: 

P2-4,  ref  P2-27 

IZE 
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r  OUTPUT  CHARACTER  STICS 


nC  mi  hal 

ll,T  " 

-NT  i  Tl  .  *,  *, 

AN  0  oNI  T  a 

21240  IFFL  THRESHOLD  INPUT  VOLTAGE 

Input:  P2-29(+)  Initial  Voltage  ■  0.0  +0.5  Vd  :  , 

ref  P2-28 (- ) 

?2-6  »  Open 

Output:  Pl-47  *  Logic  1 

21050  IFKH  THRESHOLD  INPUT  VOLTAGE 

Input:  P2-29(+)  Initial  Voltage  1  0.0  +0.5  V+c , 

ref  P2-28 (  -  ) 

P2-6  »  Open 

Output:  P  1  —  2 2  -  Logic  0 

21260  IFKL  TTL  OUTPUT 

Input:  P2-29(+)  -  0.0  +0.5  Vdc ,  ref  P2-28(-) 

P2-6  -  Open 

Output:  Pl-47 

21270  TFKL  TTL  OUTPUT 

Input:  P2-29(  +  )  =■  0.0  +0.5  Vdc,  ref  P2-28(-) 

P2-6  -  +28  Vdc 

Output:  Pl-47 

21400  IFMT  DC  CAIN 

Input:  P2-5(+)  -  1.5  Vdc,  ref  P2-?0(- ) 

Output:  P2-31,  ref  P2-27 
21410  IFMT  AC  RIPPLE  GAIN 

Input:  P2-30(-)  »  1.00  +0.05  Hz,  4.0  +0.5  Vp-p, 

ref  P2-5C+) 

Output:  P2-31,  ref  P2-27 

21420  IFMT  AC  RIPPLE  GAIN 

Input:  P2-30( - )  -  10.00  +0.05  Hz,  10.0  +0 . 5  Vp-p, 

ref  P2-5(+) 

Output:  P 2  —  3 1 ,  ref  P2-27 


:OOE  IOEU  T.  NO.  blUAiNO  nlmBE’ 


PE  V  L  TR  D 


+0.79 

Vdc 


+0.99 

+0.59 


+4.20 

Vdc 


Logic  0 


Logic  1 


+  1.78 

v/v 


+  7.00 
+  3.20 


+2.  18 
+  1.38 


0.266  0.320 

Vrms/Vrms  0.211 


0.025  0.030 

V rms/Vras  0.020 


TABLE  I  INPUT  OUTPUT  CHARACTERISTICS 


characteristics  and  input  output  conditions 


NOMINAL 
AND  UNITS 


IFMT  AC  RIPPLE  GAIN 

Input:  P2-5(+)  -  1.00  +0.05  Hz,  4.0  +0.5  Vp-p, 

ref  P2-30(-) 


0.266 

Vrms/Vraa 


Output:  P2-31,  ref  P2-27 


IFML  THRESHOLD  INPUT  VOLTAGE 

Input:  P2-30(-)  »  Initial  Voltage  «  0.0  +0.5  Vdc, 

ref  P2-5(+) 


-1.00 

Vdc 


-0.80 

-1.20 


Output:  Pl-45  “  Logic  1 


IFMH  THRESHOLD  INPUT  VOLTAGE 

Input:  P2-30(-)  -  Initial  Voltage  -  -1.0  +0.5  Vdc, 

ref  P2-5(+) 


-2.55 

Vdc 


Output:  Pl-46  “  Logic  0 

FULL  POWER,  CDC(-)  AND  FPD  LOGIC  TEST 

Apply  +5.0  Vdc  and  +28  Vdc  supplies  as  called  out  in 
paragraph  3. 3. a.  Verify  the  outputs  as  indicated  in 
table. 

Test  Input  Outputs 

P2-39  P2-41  P2-15 


Remove  +5  Vdc 


30010  FULL  POWER.  CDC(-)  AND  FPD  LOGIC 


CODEIOENT.NO.  lOR awing  NUMBER 


SCALE:  NONE 


REV  LTR 


SHEET 


12 


35 


TABLE  I  INPUT  OUTPUT  CHARACTERISTICS 

r » ° 

(  CCD6 

CHARACTERISTICS  AND  input  output  conditions 

NOMINAL 
AND  UNITS 

TOLERANCES 

31000  5  MINUTE  TIMER  AND  250  MSEC  TIMER 


Turn  on  the  +5  Vdc,  turn  off  +28  Vdc  supply  and  ground 
P2-36.  Walt  approximately  1  minute. 

Apply  +28  Vdc  stimulus  to  P2-1. 

Apply  9.0  +0.1  Vdc  to  P2-3  and  Return  to  P2-2. 

Apply  2.0  +0.1  Vdc  to  P2-29  and  Return  to  P2-28. 

Apply  1.3  +0.1  Vdc  to  P2-5  and  Return  to  P2-30. 

Apply  Logic  It  to  P2-36. 

Apply  TTL  Logic  0  to  P2-35  and  P2-11. 

Apply  +28  Vdc  supply. 

Measure  elapsed  time  from  +28.0  Vdc  turn  on  until 
P2-10  voltage  switches  to  a  Logic  0.  Tailor  R3  if 
required  for  specified  timing.  Measure  elapsed  time 
from  P2-10  Logic  0  switch  until  P2-9  voltave  j*witch<»« 
to  a  Logic  0. 

P2-10  SWITCH  TIME 


315  sec  330 
300 


31020  P2-9  SWITCH  TIME 


200  msec  |  250 
150 


32000  20  SECOND  TIMER 

Apply  the  same  input  signals  as  in  I'D  code  31000. 
Turn  off  +28  Vdc  supply  for  approximately  10  seconds. 
Measure  elapased  time  from  +28  Vdc  power 
reappllcatlon  for  P2-12  to  switch  to  a  Logic  1. 


32010  P2-12  SWITCH  TIME 


15  sec  30 
10 


33000  1.5  SECOND  TIMER 

Apply  the  same  input  signals  as  in  1/0  code  31000. 
Apply  Logic  1  to  Pl-34  and  wait  5  seconds.  Apply 
Logic  0  to  Pl-34  and  measure  time  required  for  P2-44 
to  switch  to  Logic  0.  Apply  a  gated  pulse  train  as 
called  out  in  paragraph  3.3.b  to  Pl-34.  Walt  5 
seconds,  apply  Logic  0  to  Pl-34.  Verify  that  P2-44 
switches  to  a  logic  1  before  2  seconds  have  elapsed. 


33010  P2-44  SWITCH  TIME 


33020  P2-44  LOGIC  OUTPUT 


1.0  sec 


C00E  IDENT.  NO.  DRAWIN 


SCALE:  NONE 
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TABLE  I  INPUT  OUTPUT  CHARACTERISTICS 


CHAHACTERIS'ICS  AMO  INPUT  OUTPUT  CONDITIONS 


NOMINAL 

AND  UNITS  TOLERANCES 


34000  POWER  OH  SEQUENCE  LOGIC  TEST 

Apply  a  gated  pulse  train  as  called  out  In  paragraph 
3.3.b  to  Pl-34.  Apply  the  same  logic  Inputs  as  In 
I/O  code  31000.  Apply  the  Indicated  logic  Input 
signals  and  measure  the  specified  logic  output 
signals . 


Inputs 


Outputs 


ro  — •  — *  fO 

I  I  I  .  I 

— <  fN  CM  <M 

&.  On  0m  CU  CU 


«OiT'n'i3^aQ^irrNr\OQa' 
on  l  — .i— *1— — 

|(N|(N|(NlN|N|(N|  | 

NO.NCUNO<N(l.Na<Na((MN 
CL.  H  CX.  ------ 


374768 

374778 

374768 

37476g 


APPENDIX  B 


FAULT  ISOLATION  TEST  REQUIREMENTS 
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COMPARATOR  POWER  SEQUENCE: 


1.  Apply  9.0  volts  to  P2-5  ana  return  to  P2-2. 

2.  Apply  2.0  volts  to  P2-29  ana  return  to  P2-28. 

3.  Apply  1.3  volts  to  P2-5  and  return  to  P2-30. 

GATED  TTL  PULSE  TRAIN  INPUT: 

1.  Pulse  Character i st i cs 

a.  Pulse  width  800  nsec. 

b.  Pulse  period  20  usee. 

2.  Gate  Pulse  Characteristics 

a.  Pulse  width  18.5  msec. 

b.  Pelse  period  684.5  msec 


10 

CODE 

TEST  DESCRIPTION 

NOMINAL 

8,  UNITS 

LIMITS 

CURRENT  DEMAND  TEST 

1  1010 

Measure  +28  vdc  supply  current  demand. 

230  mA 

max 

11020 

Measure  +5  vdc  supply  current  demand. 

450  mA 

max 

1  1030 

Measure  -5  vdc  supply  current  demand. 

PATCHBOX  TEST 

Apply  Logic  1  to  adapter  pin  A33  (DW#2). 
Apply  pulse  train  to  adapter  B34  with  a 

10  msec  period  and  a  1  msec  pulse  width. 

60  mA 

max 

TE5TX1 

Measure  pulse  width  at  Adapter  B32. 

1  msec 

0.5 

1.5 

0 

0 

TESTX2 

Apply  Logic  0  to  adapter  A33  and  measure 
pulse  width  at  adapter  B32. 

0 

TESTX3 

Measure  TTL  level  of  adapter  A33. 

LOGIC  0 

0.8  vdc 
0  vdc 

TESTX4 

Apply  Logic  0  to  adapter  pin  A 22  (DW#0). 
Measure  adapter  A20. 

LOGIC  0 

0.8  vdc 
0  vdc 

TESTX5 

Apply  Logic  1  to  adapter  pin  A22  and 
measure  adapter  A20. 

LOGIC  1 

5.2  vdc 
2.4  vdc 

TEST  90010  (U24  PULSE  INPUT) 


Apply  Gated  Pulse  Train  to  PI -34  and 
measure  pulse  width  with  trigger  level 
set  at  2.4  volts. 


20  usee 


22 

18 


90010 


10 

NOMINAL  . 

CODE 

TEST  DESCRIPTION 

&  UNITS 

LIMITS 

VOLTAGE  REGULATOR  TEST 

2001  10 

Measure  R147. 

25.8  vdc 

2  7.58 
24.51 

200120 

Apply  25  vdc  to  R142,  measure  R147. 

25.1  vdc 

26.355 

23.345 

200120 

Apply  13.6  vdc  to  R154,  measure  92-21. 

5.10  vdc 

5.355 

4.845 

200140 

Measure  RI53. 

10.106  v 

10.61 1 
9.601 

200150 

Measure  R15 I . 

6.612  v 

6.943 

6.281 

200160 

Measure  R150. 

5.712  v 

6.007 

5.435 

200170 

Remove  above  stimulus,  measure  RI54. 

13.6  vdc 

14.28 

12.92 

21000  VBMT  SERIES  TESTS 

210010 

Apply  20vdc  to  P2-3,  ground  P2-2. 

7.10  vdc 

7.81 

Measure  U21  pin  10. 

6.39 

210020 

Measure  U21  pin  6. 

6.45  vdc 

7.  10 

5.81 

210030 

Measure  U21  pin  6,  ref.  U21  pin  7. 

0  vdc 

0.01 

-0.01 

210040 

Measure  voltage  across  R130. 

0  vdc 

0.05 

-0.05 

210050 

Apply  -20  vdc  to  P2-2. 

9.10  vdc 

10.01 

Measure  U21  pin  10. 

8.  19 

210060 

Remove  dc  stimulus  and  apply  10Hz  5vpp 

.01060 

.01166 

to  92-2,  ref.  P2-3.  Measure  AC  gain 

vrms/ 

.00954 

at  U21  pin  10. 

vrms 

Test  8 

Calculate  (10  codes  210010/210020). 

1 .10 

1.21 

0.99 

210510 

Apply  voltage  to  U21  pin  1  equal  to 

24.8  vdc 

27.0 

pin  2  -  0.5  vdc.  Measure  pin  12. 

22.0 

210520 

Measure  U21  pin  2=pin  12/221  +5.7538 

Qual 

+  10  l 
-10  X 

210530 

Measure  Pl-46. 

Logic  0 

0.8  vdc 

0  vdc 

210540 

Measure  Q39  pin  7. 

2.18  vdc 

2.40 

1.96 

210550 

Apply  voltage  at  U21  pinl  equal  to 

2.14  vdc 

2.35 

pin2  +  0.5  vdc.  Measure  pin  12. 

1.93 

210560 

Measure  Pl-48. 

Logic  1 

5.2  vdc 
2 . 4  vdc 

210570 

Remove  stimulus  and  measure  voltage 

0  vdc 

0.05 

across  R135. 

-0.05 

140 
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CODE 

TEST  DESCRIPTION 

NOMINAL 
&  UNITS 

LIMITS 

212010 

21200  IFKT  SERIES  TESTS 

Apply  3vdc  to  P2-29,  ground  P2-28. 

9.10  vdc 

10.01 

212020 

Measure  U20  pin  10. 

Measure  U20  pin  6. 

3.03  vdc 

8.  19 
3.34 

212030 

Measure  U20  pin  6,  ref  U20  pin  7. 

0  vdc 

2.73 

0.01 

212040 

Measure  voltage  across  R119. 

0  vdc 

-0.01 

0.05 

212050 

Apply  -2  vdc  to  P2-28. 

13.1  vdc 

-0.05 

14.41 

212060 

Measure  U20  pin  10. 

Remove  dc  stimulus  and  apply  10Hz  5vpp 

.027 

11.79 

.0297 

to  P2-28,  ref.  P2-29.  Measure  AC  gain 

vrms/ 

.0243 

Test  8 

at  U20  pin  10. 

Calculate  (10  codes  212010/212020) . 

vrms 

3.00 

3.30 

212410 

Apply  voltage  to  U20  pinl  equal  to 

24.8 

2.70 

27.0 

U20  pin  2  -  0.5  vdc.  Measure  pin  12. 

vdc 

22.0 

212420 

Check  voltage  at  pin2  equal  to 

Qual 

+  10% 

212430 

(pi n 12/22 1  +  5.7538). 

Measure  Pl-47. 

LOGIC  0 

- 1  ox 
0.8  vdc 

212440 

Measure  Q36  pin  7. 

2.18  vdc 

G.u  vdc 
2.40 

212450 

Apply  voltage  to  U2u  pinl  equal  to 

2.14  vdc 

1 . 9t> 
2.35 

212460 

pin  2  0.5  vdc.  Measure  pin  12. 

Measure  Pl-47. 

LOGIC  1 

l  .93 
5.2  vdc 

212470 

Remove  stimulus  and  measure  voltage 

0  vdc 

2.4  vdc 
0.05 

Test  8 

drop  across  R125. 

Ground  P2-6,  check  U20  pinl  equal  to 

Qual 

-0.05 
+  10X 

212510 

[ v 1 20Mpi nl 0  +  924) / 153]. 

Measure  voltage  at  U22  pin  1. 

16  vdc 

- 1  ox 

19 

17 

19 

17 

27 

Test  1 A 

Measure  voltage  at  VR17. 

18  vdc 

212520 

Apply  voltage  to  U22  pin2  equal  to 

24.8  vdc 

212530 

pin  1  +  0.5  vdc.  Measure  pin  12. 

Measure  PI -22. 

LOGIC  0 

22 

0.8  vdc 

212540 

Measure  Q37  pin  7. 

2.18  vdc 

0.0  vdc 
2.40 

2 12550 

Apply  voltage  at  U22  pin2  equal  to 

2.14  vdc 

1.96 

2.35 

212560 

pin  1  -  0.5.  Measure  pin  12. 

Measure  Pl-22. 

LOG  1 C  1 

1  .93 
5.2  vdc 

212570 

Remove  above  stimulus  and  check 

Qua  1 

2.4  vdc 
+  10X 

U 22  pin2=(pinl2+180*U20  pinl0)/l81. 

-luX 

lu 

lOOE 

TEST  DESCRIPTION 

NuMlNAL 
&  UNITS 

LIMITS 

214010 

21400  1FMT  SERIES  TESTS 

Apply  2.5vdc  to  P2-5,  ground  P2-30. 

9.55  vdc 

10.50 

214020 

Measure  U22  pin  10. 

Measure  U 22  pin  6. 

3 . 44  vdc 

8.59 

3.78 

214030 

Measure  U22  pin  6,  ref  U22  pin  7. 

Ovdc 

3 .  u9 
0.01 

214040 

Measure  voltage  across  R104. 

0  vdc 

-o.Ol 

u.05 

^ 14050 

Apply  -2  vdc  to  P2-30. 

13.1  vdc 

-0.05 

14.42 

2 14060 

Measure  U22  pin  10. 

Remove  dc  stimulus  and  apply  10Hz  5vpp 

.027 

1  1  .80 
.0297 

to  P2-30,  ref.  P2-5.  Measure  AC  gam 

vrms/ 

.u243 

Test  6 

at  U22  pin  10. 

calculate  i 1 0  codes  214010/214020; . 

vrms 

2.76 

3 . 05o 

214410 

Apply  voltage  to  U23  pinl  equal  to 

24.8 

2.502 

27.0 

U23  pin  2  -  0.5  vdc.  Measure  pin  12. 

vdc 

22.0 

z 14420 

Check  voltage  at  pin2  equal  to 

qua  1 

+  10X 

214430 

ipinl2/221  +  6.6398). 

Measure  PI -45. 

LOGIC  0 

-10X 
0.8  vdc 

2 1 4440 

Measure  Q36  pin  7. 

2.18  vdc 

0.0  vdc 
2.40 

214450 

Apply  voltage  to  U23  pinl  equal  to 

2.14  vdc 

1.96 

2.35 

214460 

pin  2  +■  0.5  vdc.  Measure  pin  12. 

Measure  PI -45. 

LOGIC  1 

1.93 
5.2  vdc 

214470 

Remove  stimulus  and  measure  voltage 

0  vdc 

2.4  vdc 
0.05 

214510 

drop  across  R109. 

Measure  voltage  at  U23  pin  7. 

10.2  vdc 

-0.05 

10.7 

214520 

Apply  voltage  to  U23  pinb  equal  to 

24.8  vdc 

9.70 

27 

214530 

pin  7  +  0.5  vdc.  Measure  pin  10. 

Measure  Pl-46. 

LOGIC  0 

22 

0.8  vdc 

2 1 4540 

Measure  Q35  pin  7. 

2.18  vdc 

0.0  vdc 
2.40 

214550 

Apply  voltage  at  U23  pin6  equal  to 

2.14  vdc 

1.96 

2.35 

214560 

pin  7  -  0.5.  Measure  pin  10. 

Measure  Pl-46. 

LOGIC  l 

1.93 
5.2  vdc 

2.4  vdc 

flux 

-101 


21 45 70! Remove  above  stimulus  and  check 

! U23  pin6^pinl0+200"U22  pinl0)/201. 


Qua) 
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CODE 


TEST  DESCRIPTION 


NGM 1 NAL 
&  UNITS 


LIMITS 


500  i  1 0 

CDC  AND  FPD  LOGIC  TEST 

Measure  Q26  pin  5. 

1 ./t  vdc 

1.39 

1  1  < 

5uu  (4U 

Measure  Q26  pin  3. 

0.8  vdc 

1  .  1  J 

0.90 

500150 

Measure  P2-41. 

LOGIC  0 

0.70 
0.8  vdc 

500 l 40 

Remove  5  volt  supply,  measure  P2-41. 

LOG  1 C  1 

0  vdc 
5.2  vdc 

5u0150 

Ground  P2-39,  measure  Q23  pin  5. 

1 .26  vdc 

2.4  vdc 
1.39 

500160 

Measure  025  pin  3. 

0.8  vdc 

1 .  13 
0.90 

500 1 70 

Measure  P2-15. 

LOGIC  0 

0.70 
0.8  vdc 

500180 

Open  P2-39,  measure  P2-15. 

LOGIC  1 

0  vdc 
5.2  vdc 

510110 

U1  TIMER  TEST 

Open  P2_36  and  measure  Q5  pin  1  to  3. 

0  vdc 

2.4  vdc 

0.05 

0 

0.8 

310120 

Ground  P2-36  and  short  R4  for  1  second. 

0 . 7  vdc 

510130 

Measure  C3+. 

Measure  R18. 

0.37  vdc 

0 

0.5 

Jlul4u 

Measure  CR8-. 

10.5  vdc 

0 

12.1 

310150 

Open  P2-36  and  measure  the  time  for  the 

315  sec 

9.9 

33u 

310160 

output  at  R1 7  to  fall  near  zero. 

Measure  C3+. 

10.5  vdc 

300 

11.5 

310170 

Measure  R18. 

14  vdc 

9.41 

16 

310210 

INPUTS  P2-U.35  TEST 

Ground  P2-I1  and  P2-35  and  measure  CR8-. 

2.31  vdc 

10 

2.54 

n 

310220 

Open  P2-11  and  measure  CR8-. 

10.5  vdc 

U 

1  1.55 

310230 

Ground  P2-11  and  apply  15  vdc  to  P2-35. 

10.5  vdc 

9.45 

11.55 

Measure  CR8-. 

9.45 

143 


310310 


310320 


310330 


310340 


310350 


310410 


310420 


310430 


310440 


310450 


310460 


310470 


310480 


320110 


320120 


320130 


320140 


320150 


320160 


TEST  DESCRIPTION _ 

TRANSISTORS  Q7/Q8  ANO  OUTPUT  P2-10  TEST 

Open  P2-11  and  P2-36  and  apply  12  volts 
to  C3+  for  about  0.5  seconds. 

Measure  R26/R25  junction. 


Obtain  a  high  level  at  Label  1  and 
measure  P2-10. 

Measure  R28. 

Ground  P2-11  and  measure  P2-10. 
Measure  R28. 


U2  TIMER  TEST 

Open  P2-11  and  P2-36  and  measure  R14 
at  U2. 

Obta in  a  high  i nput  1  eve  I  at  Labe  I  1 , 
wait  5  seconds  and  measure  C5+. 

Measure  R12  at  U2. 

Measure  P2-9. 

Measure  R9. 

Ground  P2-11  and  apply  12  volts  to  C3+ 
for  about  0.5  seconds.  Measure  the  time 
for  P2-9  to  switch  to  Logic  0. 

Measure  RIO  at  U2. 

Measure  R12  at  U2. 


U3  TIMER  TEST 

Measure  R45  at  U3. 

Ground  P2-36,wait  10  seconds,  and 
measure  C9+. 

Measure  C7+. 

Measure  R48  at  U3. 

Open  P2-36  and  measure  time  for  U3 
output  at  R48  to  go  low. 

Measure  C7+. 


NOM i NAL 
&  UNITS 


10  vdc 


LOGIC  1 


0  vdc 


LOGIC  0 


25.4  vdc 


7.5  vdc 


. 0 1  vdc 


0.7  vdc 


LOGIC  1 


0  vdc 


166  msec 


0  vdc 


15  vdc 


7.5  vdc 


0 . 7  vdc 


0.7  vdc 


12.7  vdc 


15  sec 


> 1 0  vdc 


LIMITS 


y 

5.2  vdc 
2 . 4  vdc 
0.5 
0 

0.8  vdc 
0  vdc 
27.94 
22.86 


8.25 

6.75 

0.05 

0 

0.85 
0.55 
5.2  vdc 
2.4  vdc 
0.25 
0 

250 

150 
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CODE 

TEST  DESCRIPTION 

NOMINAL 
&  UNITS 

LIMITS 

320210 

P2-12  OUTPUT  TEST 

Open  P2-36,  wait  for  U3  timer  to  expire, 

LOGIC  1 

1 

320220 

and  measure  P2-12. 

Measure  R49  at  Q19. 

5.3  vdc 

1 

5.83 

320230 

Measure  R24  at  Q20. 

0  vdc 

4.77 

0.1 

320240 

Ground  P2-36  and  measure  P2-12. 

LOGIC  0 

U 

0 

n 

320250 

Measure  R49  at  Q19. 

0  vdc 

u 

0.1 

0 

3301  10 

U25  TIMER  TEST 

Ground  P2-11  and  P2-35.  Open  P2-36  and 
apply  12  volts  to  C3+  for  about  0.5 
seconds . 

Apply  a  Logic  1  to  PI -34  and  measure  U24 

LOGIC  0 

0.8  vdc 

330120 

pin  6. 

Apply  Logic  0  to  Pl-34  and  measure 

LOGIC  1 

0  vdc 

5 . 2  vdc 

330130 

U24  pin  6. 

Apply  Logic  I  to  Pl-34,  open  P2-11, 

LOGIC  I 

2.4  vdc 
5.2  vdc 

330140 

and  measure  U24  pin  6. 

Measure  R 1 75  at  U25. 

2.5  vdc 

2.4  vdc 
2.75 

330150 

Ground  P2-11,  wait  5  seconds  and  measure 

0 . 7  vdc 

2.25 

0.77 

330160 

C28+. 

Measure  P2-44. 

LOGIC  0 

0.60 
0.8  vdc 

330170 

Measure  R 1 74  at  Q45. 

1.37  vdc 

0  vdc 
1.57 

330180 

Apply  Logic  0  to  Pl-34  and  measure  the 

1  sec 

1.29 

1.25 

330190 

time  for  P2-44  to  switch  to  Logic  1. 
Measure  R177  at  U25. 

0  vdc 

0.75 

0.25 

n 

330200 

Measure  C28+  at  U25. 

>3.3  vdc 

U 

5.0 

330210 

Measure  R174  at  Q45. 

5  vdc 

3.3 

5.0 

340110 

P2-1  INPUT  CIRCUIT 

Apply  the  comparator  power  sequence. 

Ground  P2-1  and  measure  R98  at  Q34. 

0  vdc 

4.8 

0.25 

0 

3.45 

2.83 


144 


340 120! Measure  R143  at  Q40 


3.2  vdc 


10 

NOM I NAl 

CODE 

TEST  DESCRIPTION 

&  UNITS 

LIMITS 

TEST2A 

Check  if  10  code  340120  is  below 
or  above  the  tolerances. 

340130 

Open  P2-1  and  measure  R98  at  Q34. 

5.8  vdc 

6 . 40 

5.20 

340140 

Measure  R 1 43  at  Q40. 

0  vdc 

0.25 

0 

1.25 

340150 

Measure  CR24  anode. 

1.15  vdc 

1.00 

P2-13  OUTPUT  TEST 

Apply  the  comparator  power  sequence. 

Open  P2-1  and  ground  P2-36  and  then  open 
P2-36  and  wait  for  U3  timer  to  expire. 

340210 

Measure  R38  R39  junction. 

10  vdc 

1 1 

340220 

Ground  P2-35,  open  P2-36,  and  measure 

LOGIC  0 

7 

0 

P2-13. 

0 

340230 

Apply  15  volts  to  P2-35  and  measure 

P2-13. 

LOGIC  1 

1 

1 

340240 

Measure  R63  at  Q16. 

0  vdc 

0.25 

340250 

Ground  P2-35  and  P2-36  and  measure  P2-13 

LOGIC  1 

u 

1 

340260 

Measure  R63  at  Q16. 

0  vdc 

1 

0.25 

340270 

Open  P2-36,  ground  P2-1,  and  measure 
P2-13. 

LOGIC  1 

u 

1 

1 

340280 

Measure  R63  at  Q16. 

0  vdc 

0.25 

0 

P2-37  AND  P2-38  OUTPUT  CIRCUIT  TEST 

Apply  the  comparator  power  sequence. 

340310 

Ground  CR25-  and  P2-14  and  measure  P2-38 

LOGIC  0 

0 

n 

340320 

Measure  P2-37. 

LOGIC  0 

0 

n 

340330 

Open  P2-14  and  measure  P2-38 

LOGIC  1 

i 

i 

340340 

Measure  voltage  from  R30/R3I  junction  to 

8.9  vdc 

9.80 

Q12  pin  7. 

8.00 

340350 

Ground  P2-36,  disconnect  CR25  ground, 

1  I  vdc 

11.77 

and  measure  CR25  cathode. 

9.63 

340360 

Measure  P2-38. 

LOGIC  1 

1 

1 

340370 

Measure  P2-37. 

LOGIC  1 

1 

1 

10 

CODE 

TEST  DESCRIPTION 

NOM 1 NAL 
&  UNITS 

LIMITS 

340380 

Measure  voltage  from  R30/R31  junction  to 

0  vdc 

0.1 

Q 1 2  pin  7. 

0 

340390 

Ground  P2-36  and  open  P2-1.  Measure 

0  vdc 

0.  1 

R40  at  qi8. 

0 

340400 

Measure  CR25  cathode. 

11  vdc 

1  1.77 

9.63 

340410 

Open  P2-36,  wait  for  Ui  timer  to  expire. 

11.8  vdc 

12.78 

and  measure  CR25  cathode. 

10.46 

340420 

Open  P2-1  and  measure  CR25  cathode. 

1 . 2  vdc 

3.75 

0 


340510 

340520 

340530 

340540 

340550 

340560 

340570 

340580 

340590 

340600 

340610 


FLIP  FLOP  CIRCUIT  TEST 

Apply  the  comparator  power  sequence, 
ground  P2-36,  open  P2-1,  and  measure  R41 
Measure  R50  at  CR18. 

Open  P2-36,  ground  P2-1,  wait  for  U! 
timer  to  expire  and  measure  R41. 

Apply  28  volts  to  R50  at  CR18  and  R58  at 
CR17.  Measure  Q21  Vbe. 

Measure  Q22  Vbe. 

Measure  Q21  Vce 

Measure  Q 22  Vce 

Ground  Q21  and  Q22  bases  and  R37  at  CR14 
Measure  R36  at  CR 17. 

Measure  R35  at  CR18. 

Remove  28  volt  stimulus  and  ground  R50 
and  R58.  Measure  R36  at  CR17. 

Measure  R35  at  CR18. 


0  vdc 
23.5  vdc 
20  vdc 
0.7  vdc 
0.7  vdc 
0 . 1  vdc 
0.1  vdc 
14.8  vdc 
28  vdc 
0 . 7  vdc 


0.1 

0 

25.85 

21.15 

22 

18 

0.77 

0.63 

0.77 

0.63 

0.2 

0 

0.2 

0 

16.30 

13.34 

30.80 

25.20 

0.77 

0.63 

0.77 

0.63 


L. 


0.7  vdc 
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SCHEMATIC  DIAGRAMS  OF  THE  CCA 
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FIGURE  13  -  CCA  Parts  Layout 


253 


FIGURE  16  -  Computer  Generated  Parts  Layout  (Quadrant  3) 
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FIGURE  19  -  VBMT  Op  Amp  Circuit 


RI30 
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FIGURE  20  -  VBMH  Comparator  Circuit 


[CURE  22  -  I FKL  Comparator  Circuit 
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FIGURE  25  -  IFMT  Op  Amp  Circuit 
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FIGURE  26  -  IFML  Comparator  Circuit 
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FIGURE  29  -  U1  Timer  and  P2-11/35  Input  Circuits 


V2  Timer  and  Q//Q8  Transistor  Circuits 


FIGURE  31  -  IJ3  Timer  and  P2-12  Output  Circuits 
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FIGURE  32  -  U25  Timer  Circuit 
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Q41,  Q42 , 

C19 , ( R141 ) , 
(R142) , (R161) 
( R149 ) 


FIGURE  38  -  VBMT  Op  Amp  Circuit  FI  Flowchart 


AD-A177  974 


UNCLASSIFIED 


I.  R  i  6  ^  > 


Q8,  (07), 
(CS7 ) , (R28) 


ransistor  Circuit  FI  Flowchart 


FIGURE  55  -  Flip  Flop 
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FI  Flowchart 
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PROGRAM 
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;  jL "  ->nC  RE  1  JS-'S's 

=  PROCEDURE  -  TPS  3  0  0  C  «* 

3  F  I  i_E  REFERENCE  -  Hr  18893d 

3  0 

«J  PROGRAM  nhmE  -  513998g  HCLEPI'AnCE  TEi’ 

133 

110  PROGRAMMER  -  M  [  CHPEl  0.  °!lKENTCM 

12  0 

130  DATE  COMPLETED  -  MHY  1996 

i«0 

150  1  REVISIONS  -  ChhnGE  1,  20-t-»ECGJ-o 
16  0 

17C 

190  I 
1 g  0 

2  0  0  . . . . . 

;  io  i 

22  0  SUSPEND  INTERACT  I UE,  RESET 

230  OPTION  BASE  1 

240  COM  /Mass.stor/  Sys t em* C 16  I , Tea t *  I  16 ] , O a t a * C  lo  I 

250  COM  /Syatem_data/  Dep t * t 4 ] , Cc $ t A ] , Te $ [ 1 Q ] , Do t _d_p , Do t 

_  f  _p  , P  a  a  a  _wo  r  d  *  [  10  ] 

260  COM  /Boa  rd_da t  a /  Bd_no  *C15], Rev *15],  Serial  J[19J,Tpa*( 

15 1  , Bd_nm$  C  2  0 1 

270  COM  /Teat  _da  ta/  Run_typ*[5  ]  , A wo  *  I  10  1  ,  D  t  e  $  I  6  I  ,  Tpne  1 1  5  1  , 
Equ i p  $  I  17 1 

29  0  COM  /Softkey/  Ho  1  d  ,  No_go  ,  I  n  t  e  r  tied  ,  Pr  i  n  t  e  r  ,  La  a  t  _k  ey  *  C  9 

0  1 

2 g  0  COM  /Da  ta/  Hi  ,  Uow , Da  t  (3,75  0)  ,Cnt  .Repeater 

3  0  0  COM  /Fa i 1 u  r e  a/  8d _P_P  , Sa  d_p  a  r t  s  5 (  1 0 0 >  C  6  1 

310  COM  /Uariables/  I  n  t  e  r  _num  ,  £r  ro  r_oum  ,  Te  a  "  _■  .  ag 

320  COM  /Part/  Part  t  (5 ,200  J  19  1  ,  INTEGER  Riel  ^  U  0  '  .  P  :  :  2  "5 

0  0)  ,  P  i  c  3  <  75  0  0  )  ,  P  i  c  (  75  1  0  ) 

33  0  COM  /Command/  Ovm  $  {  3  0  1  ,  Fun  $  [  9  0  I  ,  P  j  1  $  C  6  0  J  ,  P  ►  n  i  I  9  ;j  I  ,  Cn  t 
$  C9  0  ]  , Sep* 19  0 1 ,DvaJ [80  ] 

3  40  COM  /Supply/  U 1 t  '  6  )  .Crrnt'o  , Fn  ■  6  )  , Wh  1 c  n  *  1  1  0  1 

35  0  DIM  Dummy  *[403  ,T emp  2  *  I  2  4  3  ,  T e  mp.  3  *  i  2  h  1 

360  ON  ERROR’ RECQUER  390 

370  IF  FNSub_ct">eck  tHEN  410 

390  LOAOSUB  ALL  FROM  "SVSjOONTRL'dSya tern  * 

390  L0A0SU8  ALL  FROM  " TST_CONTRL " etSys t em* 
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410  OFF  ERROR 

420  CALL  Softkey 

430  ON  KBD  ALL  CALL  kev_arroke 

440  ON  INTR  7,15  CALL  Service 
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ENABLE  I  n^R  ;  2 
ENABLE  I  ntR  3:2 

- 8EG  I  N  TESTS  NGlo 


t  ■*■*■#■*'*■*  i 


1  CHECK  THAT  Th£  RIGHT  patchbqx  is 
He  a  s  ,  "  A9  8  "  ,  "  C99  "  ,  “  BQ9  "  ,  1 79  9  ■■  1 
Re  1  ay  1 5  ) 
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IF  x<>3  OR  x<>6  THEN  CALL 

M*a5it>$  ,  9$  ) 

"c2  0 

IF  X-3  OR  <  —  g  THEN  CALL  St 

i  m  l  A  $  ,  S  $  ) 

"5  3  a 

IF  x-2  THEN  Call  Pungent  0, 

UAL i i U_a ) i 

IF  x-5  THEN  CALL  FungenCO, 

UAL J ( U_a- 1  1  1 

%=  !] 

Oat (2 ,Lnt )-FNDvmr 

756  0 

[F  FNTest  THEN  Flag-! 

75  ra 

IF  X-3  OR  X-6  THEN  CALL  St 

imi  'S.A$  ,  "  -  "  £.6  $  ' 

"Kd0 

IF  x<>3  OR  x <  > o  then  call 
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IF  X- 1  THEN 

76  0  0 
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Me  a  s i " -  '  iP  $  i 
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ELSE 
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3  170 
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32  0  0 
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3110 
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3.3  0 

else 
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315  0 

IF  Da t  ( 2  ,  Cn t - 3 J <  . 7  ThEn 

32o  0 
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32^0 

ELSE 
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3  2  9  0 
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3  3  0  0 

ELSE 
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IF  Dati3,Cnt-2)  Then 

3  3  2  0 

Found _b ad ( Q2 S 1 

3  3  3  0 

ELSE 

3  3  40 
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3  3  70 
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3  3  9  0 
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3  4U  0 

nExT  n 

34  10 

IF  Flag  T HEN  T300  10 

8  42  0 

GOTO  Menu 
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944  0 
9  45  0 
3  46  0 
3470 
3  49  0 
8  49  0 
8500 
85  10 
3520 
9530 
35  40 
9550 
3560 
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!  5  MINUTE  PNO  25  0  MSEC  TIMER  TEST 


GQSU8  Ul_timer 
GOSUB  P2_ll_35 
GOSUB  Q7_q8 
GGSUB  U2_t i me  r 
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jGSuB  j7_q8 
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3  9  9  0 
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9  0  0  0 
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9010 
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9  02  0 

F 1 t  t FNOvmr  , - .  1,2.4,  P2_ 

19  ) 

9030 

T emp2  $  »  T emp  2  J&'JAL  $  t .  P2_ 

19  ) 

9  0  4  0 

St  1 m ( " -M3  3 "  ,  "M42"  > 

9  08  0 

F 1 t ( FNOvmr  1  ,2.4,Tp2 

_7  ) 

9  0  6  1] 

T  e  m p  2  $  1  1 2  ,  1  2  ]  =■  ‘  J  A(_  t  1  T  p  2 
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IONS" 
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3  1  o  0 

s  ..'0 
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3  19  (] 

3  2  o  a 

32.0 
3'22  0 
9  2  3  0 
92  AU 
925  0 
92gG 
9  2  7  0 
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9  3  0  0 
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EnD  if 
next  x 

Toggiei-4,-5,-ft,-^,-3,-9 

St  lint  '-2  2''  ,  "  -  01  '  ,  ‘  -E?"  ,  "  -  1  "  .  "  "  a 
St  i m i " - l 6 "  ,"-27"  ,  '  - G5  2 "  1 
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Quit  "  0"  ) 

DATA  34010,0,1,0 ,3  747ft 
DATA  34020 ,1,1  ,0 ,37477 
DATA  34030 ,0,0,0  ,37476 
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9  441] 
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9  45  0 

Pu  lgen(  151  ,"2UUS"  ,"300 NS 

1  c;  J  '•  " 

>  1  .*  •  -  '  > 

9  46  0 

Pulfunl  13  ,  " 1 . 46 HZ "  ,  " 14U"  , 

"  0’J"  ,  "5U  V  > 

9  47  0 

Cc  i.  "  100  0"  ) 

9  43  0 

Oc  '  "10  0  1“  ) 

9  49  0 

St  im(  "B6  0"  ,"L2"9"  ,  "FnO"  ,  'H56  1  ' 

95  CIO 

Dec  adel "500" ) 

9510 

0^3 ( "  12" ) 

9520 

WRIT  1 

95  3  0 

St  l  m  (  "  -  06  0  "  ,  "  -  L'29  "  ,  "  -  F6  0  " 
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95  4  0 

Togglet-lOJ 

9550 
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956  0 

WAIT  30 
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3  "PE  1J21J 
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5  t 
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FOR  X=5  TG  10 

9  6  2  3 

I n  t  t e  mp = Inter  me  d 

963  0 

READ  Oat  >  1  ,Cnt  :■  ,  l_  i  l  ,  L2  t  ,  l3  l  ,  L4  .  h  j 

9  6^*0 

Low’H i 

965  0 

St  i  m  t  “-n58“  ,  'T133"  ) 

9  6  6  0 

Dui  t  "  10“  S.L1  $&  '  B”  J 

96  71] 

Oc  i  L2  *&''  0  0  “ 3.L3  t  ) 

9  68  0 

3ower_set (6 , L4  ,  .25 , 1  ] 

9  69  0 

I n  t  e  r  med- 0 

970  0 

IF  X=9  THEN 

9710 

St  i  m  t  "  -  T2 4"  J 

9  72  0 

0  c  t  “  1  0  G  0  B  "  ) 

9730 

'  Qc  C " 10  0 1B“  ) 

9740 

Tefnp3$“FNDr$C,‘8''  ) 

9  79  0 

Togg 1 e ( - 7  ,  -8  ) 

9760 

St  a  r  t  =  T I NEDATE 

9770 

REPEAT 

9  79  0 

DISP  “TinER  hold  T  I  E 

IHEDATE 

-Start  ) 

9  79  0 

Du(nmyl*FNDr$i  "B"  > 

98  0  0 

UNT  I  L  NOT  UAL  Dummy  5  I  1  u  ,  1  I 

9810 

OISP 

982  0 

END  IF 

9830 

IF  X-10  THEN  CALL  St  i m<  “ T2h  '  j 

9940 

UA[T  2 

9850 

Temp2t*FNOr1 t "9" ! 

9860 

Te mp 2  S ■ T e mp 2  $ [ 12 ,24] 

9870 

F it  ( FNOvmr  ,  -  .  1  , 2 . 4 , P2  _1 9  ; 

9880 

T e  mp  2  S  »  T  e  mp  2  f  C.UAL  S  t  P2  _  1  9 

9  9  9  0 

St  l  m  (  “  -  N3  3  '  x«2  “  .■ 

99Q0 

Fit!  FNC'vm  r  ,  -  .  1  ,  2  .  «  ,  3q  2  ' 

99  10 

Temp 2  5  C 12  , 12 1 -UAL  J  t r  D  -  _7 : 

9  92  0 

St  i  m  (  " - N42 "  , " M5 8 “  > 

99  3  0 

F i t  C  FNOvmr  ,  -  .  1  ,2.4, D2_3  ” ' 

9960 

Temp2* 111,111 »UPLl> P2_3 7 

9950 

Intermed* I n  t *■  e  mp 

9960 

IF  X-9  or  X-10  THEN 

9970 

T  e  mp  2  J  I  7 , 7  ]  -  T e  mp  3  f  [  18  .  18  i 

9980 

T emp  2 1 C  8  ,8  j  »  Te mp  3  $ (  1 9 , 1  J  ] 

9990 

Temp 2  *  19  , 9 ]-Temp3 *  I  2  0  ,  2u  ] 

1  0  0  0  0 

Te  mp  2  *  C 1 0 , 1 0  I  *  Temo  3  $  t  2 i  ,21  i 

100  10 

END  IF 

10020 

I F  I n  t  ermed  THEN  PR  I  NT  " TE8~ "  :  x  ;  ’ 

10  0  3  0 

T emp-OUHL  C  Tempi J  ,2  ) 

10  0  4  0 

Da  t  C  2  ,  Cn  t  i  » URL  <  DUAL  t  <  T -mp  ,  3  '  '■ 

10  050 

Dum-FNT e  s  t 

:.uii "  •  j 
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1023  0  DA'A  3 a 0  7  0  ,0  ,1  ,1  ,28  .J/’oJ 
1  J 2 a 0  DA -A  3-03  0 , J , 0 , 1 , 0  .  l^is 
-025  0  DA 'A  3-09  0  ,  0  ,  1  ,  1  ,  0  ,  _ 

1  0  2  t>  j  DAiA  3  —  -00,0,1,  1,0,0 
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113-0  C'JL.SE  rPA  i  n  1  *  tP'j  T  *EST  SEP'.ES  90010 

1  0  3  2  0  . . . . 

1  0  3  3  0 

1J3aiO  S  t  :  m  >  "  S 1 3  "  ,  "  Q 1 3  "  J 
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1  0  3 o  0  °'j  ,  t  j n  ;  13,  '  1  .  a*hZ"  ,  "  1  -u "  ,  "  ou "  ,  "  5  v S" 

-  0  3  '0  Duj  '  '  1  0  U3"  i 

1  J  3  8  0  Cn»s;7,  ’2 . -"  ,  i  - 

1  J  3  9  J  D*r  ■  1  ,C«t  “  90  0  1  0 

-  0  —  00  —  ;  3  2  .  2  E  ~  ~ 

1 0 A  1 j  -au»l  . 

1  1 J  —  2  0  2s  f  i  2  ,  C n  t  )  “  P  Nl_ n  t  r 
10-3  0  St  i  ti  (  '-513  '  .'-'213" 

10  —  —(J  IP  FNTes  t  ThEN  T-ijOlU 

i 0 a- 0  IP  Dat'3,C^t-l-  th£n  ChLu  -o jnd _t so  " J  _  — "  : 

1  ■  J  —  O  0  GOTO  ti  n  IJ 

10470  3  a  t  c  a  &  * : PP ; n  T  CAP l  1 2  :  : " °a r ChBux  tEST" 

1  isd  o 

10—9Q  «»*■•»»*«»«»««»■••«*'•»«*•**»»»••**»*■•»*»*■*■»■»■•* 

hop oo  ■  patchbo  -captep  tes' 

105  10  . . * . . 

1  0  5  2  U 

1  0530  S  t  :  m  i  '  G6  0  "  ,  '  3g  0  "  ,  '  N'2  9  '  ) 

105-0  2  1 

1  JPP  0  2h  ’"10  jb" 
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-  -  J  O' 

-  «  _  — c. '  • 

: :  jco 

C  - 

i :  3 _  o 

'"ea*  4 . :  -1* 

l :  o  s  o 

jj  *4  IT  .8 

i :  o  9  o 

“ea*.  '--J  '  ,  -4ir 

:  i :  o  o 

’44  1  ”  3 

1 1 :  i  o 

ENC  IF 

1112  0 

>35  -4$  ,b$  ’ 

1113  0 

IF  .x  *  n  T  m  E 

111*0 

Jc  l  " 1  ’  ) 

1113  0 

Temp* In t ir me a 

11 16G 

I  n  r  e  r  me  a  *  J 

11170 

Start*’’!  M£2‘4  ~£ 

mac 

SE^EA' 

111*  9 

Secs* I n T  I^EO^’E- ]’  jr 

112  0  0 

D ISP  "3  JO  SEOOnC  ~:~£~ 

; Secs  ; 

" seconds" 

1 1 2  1 G 

’Jo  i  tS“FNDvmr 

1 1220 

L'NT  1  l  Oo  .  t  3  '  .3  OR  ’’  1  s"£2;4 

1123  0 

•Da  t  i  2  ,  On  t  ,  »  I  nT  ”  ;  ^ED4"£-  £ 

11240 

I  F  4o  .  t  3  .3  N(o_5  w  :  *  r 

1123  0 

I  n  t  e  r  med*  T emp 

11260 

£l5£ 

11270 

Da  t  l 2  ,  On  t  •  •►NOvmr 

1123  0 

END  IF 

.  1 2  3  Q 

IF  FNTest  Th£n  “ I ag» » 

11300 

Fleas  t  "  -  1  44t  , "  -  ”4oJ  ; 

11310 

NEXT  X 

11320 

St  im( "-F36"  , " - h5  7 "  ) 

11330 

IF  Oat (3 ,Cn t-7)  T*EN 

1 13-.0 

Found _b  a d ‘  ‘  Q3 "  ,  "  ■ Rfc  ’  '  ,  .  4  _ 

113  3  0 

Sub  de  r *  1 

11360 

else 

11370 

IF  Jat  i3  .Onf-n  ”  -*£’'• 

113  8  0 

coijnd _d ad  '  C F  1  '  ,  '  2 c  1  ’  .  ~ 

1139  0 

SudOe  r *  i 

1  1400 

else 

11410 

IF  Oat(3,Ont-3  t-£n 

11420 

Found_dad  '  ’  0 R 7  '  ,  1 

11430 

3u  d  D  e  r  *  1 

1  14*0 

else 

11430 

Ic  Qa'  3  ,2n*-« •  *-En 

1  146  | 

Found_dad  'Ll ' , 'D-c 

1147  0 

SuDDSr* 1 

11480 

else 

11490 

IF  Da t  3  , On  t - 5  * 

113  0  0 

I F  nu T  so_5w:’:K 

113  10 

SC  T  O  ’’  a  .  .  o  r 

113  2  0 

ELSE 

113  3  0 

.  c  Za-  3  ,  - n • _ 

.  o  r 


-  - 

—  —  —  A 

-  ,  _  H  -  ; 

:—p $  : 

2:3 

ss  In' 

'  ~-e.  T!“I 

_  _ 

-  -  J 

-c;sT 

■*  — 

J  —  2 

=c  I  nt 

■ CwIP  TnE 

__ 

Z  ' 

=  P  I  imt 

’  NClu  M*—S 

-  - 

pp  ;  n  t 

1 wEAlE  AS 

j« : 

p  p  :  n  ” 

■ anc  also 

pp :  n 

•  SC  I pp£C 

cE  T A  1  _CH£ 3  . 


PNC  pl SO  lEAlE  the  FUPPlE  PRCiEE  attached  tc  t« 


:l  se 


4_  «  ' J 

2  *.  4  3 
‘  ^  -*  *! 


*”  q  q  q  .  •  >  1  ,2  .3 

•v«  _  _  _  •■'■>  •••  *  l“*  ">  •<  '  Q  >L  "  ‘1  O  •  ^  t 

Pe  .  ay  5  ■ 

C'^^s  -  *+  j 
P3_o  id*^K!Dvmr 

OC?  I  sr 

pp;n"  "  T>iE  PEE ! S'anCE  OF  THE  PcESEnT  PJ  IS:  ";F3_oia 
p  3  e  w»  315 'Cat  ,2  ,  On  t  -  3  )*  i  6 . 8E"9  *■  P3_c  i  a  -  6 . 8  E  *  6 
“eas>  " -H22 "  ,  " -C22 ”  ,  '  -B  16  "  ,  "  -  C  its "  ' 

Fe . ay ; -3  ) 

PP  I  n  T  'A  nE-u  PESISTanCE  OF  "  ;CPCt_NC(P3  _n  e  w  ,  c  ;  A  1  —  — 

tp :ec. 

-*A  I  T  c 

;r  s?_«ew>  A*  3  j  o  0  ~*En 

v,inmum»3QG/0at  (  2  ,  Cn  t  -  3  #  ;  6 . 8  E  *  i>  •*•  P  3  _  o  la  1  -  o  .  8  E  ♦  6 
IF  A;nrnum<5600G0  Th£n 
P3  new“56u000 


.13-  I 

-  I  c 


b.NC  :  F 

E"<c  ;p 


...J-.,  ’-£N 
3  3  J  -  a  -  2  ,  C  n  t  -  . 


s«Tiuffi*.  .  J  -  .a'  <.  ,  ■_ n  t 

IP  "a«Tiijm-  .  J  j  ,j  "'-‘En 
P 3 e w *  i  0  CO 
EwiE 

jc.  ocoad 

end  :- 
enc  :  ► 

S  t  .  *n  '  P  5  t  ,  ‘  ~>5  •' " 

Zee  a  a*  Ai.S  P  3  a  w 
PES'CPE  1 J?t j 
T a  .  3r*d*  1 


iccad  : 

’  ;  ■_  r  a  tad  ;  j  „ 


a 


t  ;  Tie 


1  —  C  J  1 

'  ^  Q  *■*■*♦-♦-*•*•*•*•*•*■**■•-#■*•#■*■*•*■#■*■*■*.#•■*■*■*•#'*•«**-*•♦■»■*•*-*•*•♦-••'*♦ 

12-8 Q  ' U2  TirER  'ES'  SERIES  310-00 

•  249  ij  1  + 

125  3  0  ! 

12513  F  1  a  g  -  0 
12 520  Suboer=Q 
12530  Dvms (  1  i 
125-0  Gc  (  "  1"  ; 

12550  Find.i  t  '  "  R 1  -l"  ,  "  GREEN_CRQBE "  ,2  ) 

1256  0  F  md_i  t  C "R11R"  ,  "  SLACK_PRQ6E "  ,  1  ' 

12570  Fmd_i  t  ("R12R"  , "YELLOW  PROBE  ",i> 

12580  F;nd_i  t  (  "R9L"  ,  “GRANGE  pRQ6E"  ,  1  ’ 

12590  Fmd_i  t  (  "R10L"  ,  "SLUE  PROBE",  1) 

12600  F i nd_i t c "C3R" , "RED  PROBE", 3) 

12610  RESTORE  12610 

126  2  0  DPT  A  310410  ,8 . 25  ,6 . 75  ,A19 ,3  10-20  05  ,  0  .Ai.6  ,  3  10430  85 

, . 55 ,A17 

126  3  0  DATA  310440  ,5 . 2 ,2 . 4  ,H-8 , 3  1  0-5  0  ,  .  25 , 0  ,  A 18  ,  3  1  0-6  0  ,  .  25  ,  . 
15  ,7148 

12640  DATA  310-70 ,. 1 , 0 ,A20 ,310-80 , 15 . 5  ,  12  ,A17 


126-0 

Heas  (  "89  7"  ) 

126o  0 

Nq^jui t ch- 0 

126  70 

FOR  X- 1  TO  a 

12680 

READ  Oat  t  1  ,  Cn  t  >  ,ni  ,  t_o  w  ,  A  $ 

12690 

IF  X-4  THEN  CALL  St  l  m.C  A$  ; 

12700 

IF  X  <  >  —  AND  X  <  >  6  THEN  CALl. 

He  a  s ( A  $  : 

12710 

IF  X<  >  6  THEN 

12  720 

□  at  ( 2  ,Cnt  )*f NO^mr 

12  730 

ELSE 

12  740 

St  i m (  " Q— 9 "  l'P-8"  ,  " T52 " 

12750 

St  lmi  '£60"  ,  ‘  F6  0  "  ,,-|C’6  ' 

12760 

Dec  ade  i " c  0 C  "  J 

12  77ij 

Po  we  r  _s  e  t  :  5  ,  1 2  .  .  1 

12  780 

UiA  IT  .5 

1279Q 

T  ogg le ( -5  J 

12800 

St  i m ( " - E6  0 "  ,  " -p6  0  “  ,"-456 

•  1 

12813 

Cn  t  s  C  1 0  0  9  2  ,  "  .  3  ,  .  8  "  ,11 

'  .  "E  -  Co 

1282  0 

St  i  m  i  "  '2  7"  ; 

1 2  3  3  0 

Dat  (  2  ,Cnt  i«FNCnt - 

12  8-0 

IF  Da  t  1  2  , Cn  t  ? - 0  THtM  Nc 

iw:*cK*i 

1285  0 

ENC  IF 

12  8  6  0 

IF  FNfejt  Then  Flaq*l 

12870 

[F  x-4  Th£n  call  St  i  tii  1  -  ' &h»  ; 

1298  0 

IF  x '  >  4  and  x  <■  >  6  Then  Call 

He  a  a  '  -  '  t.  a  $  : 

12990 

NEXT  X 

12  9  0  0 

St  im  " - Q—  9 ”  ,  ’-P«0  ‘  ,  "  -  T2  r"‘  ,  1  -  rc 

__ 

129  10 

IF  Da  t  1  3  , Cr  t -8  i  '-EN 

129*+ J 

129?'-! 

12960 

i29'Q 

129  8  0 

1299  0 

1 3  0  U  0 

13  010 

13020 

13  03  0 

130*90 

13  050 

13  Oo  0 

13070 

13080 

13090 

13100 

13  110 

13120 

13130 

13140 

1315  0 

13160 

13170 

13180 

J 

13190 

13200 

13210 

13220 

13230 

13240 

13250 

v  Q4  )  ”  ) 

13260 

13270 

13280 

13290 

13300 

13  3  10 

13  320 

13  3  3  0 

13340 

13350 

13  360 

13370 

13  380 

1  3  3  9  0 


5u  D  a  e  r  =  1 
ELSE 

IF  J  a  t  i  3  , 2  n  t  -  "  "  h  E  N 

Founa_Qaa("U2"  ,  "  Q411  ,  "  t  R 15  ;  "  ) 

Subbe  r » 1 
ELSE 

I F  Da  t ( 3  , On  i  T h£n 

Found _bad  <. " U2 "  ,  "  CR7"  ) 

Sub  b  e  r »  1 
ELSE 

IF  Dat(3,Cnt-5>  THEN 

IF  Da  t  C  3  , Cn  t -4 )  THEN 

Found_bad ( “ U2 "  , " Q2 "  , " <  R  1  0  > "  ■ 

Subbe  r *  1 
ELSE 

Found_bad("Ql"  , " ( R 166  )  "  ) 

Subbe  r *  1 
END  IF 

else 

IF  Dat (3 ,Cnt-3 )  THEN 

IF  NOT  No_swi tch  THEN 

Found_bad ( " U2 "  , " C5 "  ,  " t  R  1 1  )  " \ Q<+ ) 

Subbe  r* 1 
ELSE 

IF  NOT  Dat(3,Cnt-23  THEN 

Fountd_bad  "Ql"  ,  •'  Q2"  ,  "  UR3  "  , "  (  R9 

Subber- 1 
ELSE 

IF  Oatc3,Cnt-l)  ThEn 

Found_bad ! " U2 "  , "  ’  R  12  >  "  ) 
Subbe  r •  1 
ELSE 

F o u n d_b ad i  " U2 "  ,  "  C5 "  , " <  R  i  1  !  " 

Subbe  r »  l 
END  IF 
END  IF 
END  IF 
END  IF 
END  IF 
END  IF 
END  IF 
END  IF 

IF  Flag  THEN  U2_t i me r 
IF  Sobber  THEN  rtenu 
RETURN 

I 

U3  t  l me  r  :  1 


1  3 -*3  0 
134.^0 
13450 
13460 
13470 
13^80 
13490 

13500 
135  10 
13520 
13530 
13  5  4  0 


Dvms i 1 ) 

SuCDe r  =*  0 
F  l  ag=  0 
Nr_sw 1 tCh»U 

F  i  nd_i  t  (  "  R45F  "  ,  "  RED_PR06E "  ,2  > 
Find_it("C9F")"  8LPCK  PROSE  ",  1  * 
Find_i  t  c  "C7C"  ,  "YELLOW  PROBE"  ,  1  1 
F i  nd_ i t ( " R43L" , "BLUE  PROBE" ,3 ) 
RESTORE  13530 

OP  TP  320110  ,  3 . 2  5 , 6 . 75  ,  H 1 5 , 3  2  0  1 2  U 


7  ,  . 3  ,P17 

1355  0  DPTP  320140 , 15 , 11  ,P20 ,320150 ,30 , 10  ,P20  ,320160  ,  15  ,  10 ,P 
17 

13560  Meas  c "897"  ) 

13570  Oc  c " 0 "  ) 

13500  UP  I T  10 
13590  FUR  X-l  TO  6 

13600  REPO  Oat  (.  1  ,Cnt  )  ,Hi  , Low, PS 

13  6  10  He a a (. P$  ) 

13620  IF  X <  >  5  THEN 

13630  Oa t C 2 , Cn t ) »FNDvmr 

13640  ELSE 

13650  Temp -Inter me d 

13660  lntermed*0 

13670  Qc  c " 1"  ) 

13680  Start-T inEOPTE 

13690  REPEPT 

13700  Secs-INTtTIHEDPTE-Start ) 

13710  D  ISP  "15  SECOND  TIMER;  TIME  ELAPSED  :  "  :  be  ■:  s  :  ' 

seconds" 

13720  No  1  t 5*FNDvmr 

13730  UNTIL  Uolt5<.5  OR  T I MEDP  IE- 5 *  a r t  ' a" 

13740  Da  t ( 2 , Cn  t  )» I  NT (  T  I  MEDPTE- S  tar1:  J 

13750  IF  Uo l t 5 > . 5  THEN  No_swi tcn*l 

13760  I  n t e r med* Temp 

13770  END  IF 

13780  IF  FNTest  THEN  Flag»l 

13790  Me  a  s  l  ”-"&,Pl  ) 

13300  NEXT  X 
13810  Meas  <•  "-697"  ) 

13820  IF  Da  t i 3 , Cn  t -6 )  ThEn 

13830  Found_bad  “ u3  "  ,  "  i  R«5  )  "  ,  "  >  C3  1  "  ) 

13840  Subber- L 

13850  ELSE 

13  860  IF  Da  t  <.  3  , Cn  t -5  ;  ThEn 


*,  -  n  ^  s 

_  ?  *  -j  j 

1 3  *  i  j 

1 3  a  2  J 
1  3  9  3  0 
13990 
13  9  5  0 
13  9*0 
1  3  9  7  G 
13980 
1 3  9  9  Q 
1  **  0  0  0 
) 

19010 
19  02  0 
19030 

1  -4  0  9  0 
19050 

1  -k  0  6  0 

190  70 
19030 
1-409  0 
19  10  0 

1-4110 

19120 
19130 
19  19Q 
19150 
1  9  1  6  0 
19  170 
19  13  0 

1  9  1  9  !j 
1  -42  0  0 
19210 
19  2  2  0 
1  u2  3  0 
192  90 
1 -V25  0 
19260 
192  70 
1923  0 
19290 
19300 
19310 
19320 
19330 

1  -4  3  9  IJ 


;oCD »  r =  1 

E_SE 

I  r  jat  3,Cnt-»»3  Trigs 

Pound_Dad (  '  CR2  1 "  ,  '  <  J3  ;  "  ; 

SuBQer*  1 

EwSE 

1  E  Da  r  3  ,  L  nt  -  3  ■  T  h£m 
Found_bad k " U3 " > 

SuBbe r » i 
ELSE 

I  F  Da  t  i.  3  ,  Cn  t  -  2  3  wR  Da  t  3  ,  Cn  t  -  *  ;  T  hEn 
[  F  No  _s  uj  itch  AND  Da  t  i  3  , Cn  t -  1  J  THEN 
Found_bad  t  '  U3  "  ,  "  C7"  ,  "  P9  3  )  "  ,  "  '  i 

Sub be  r » 1 
ELSE 

Found_bad ( " U3 "  ,  " C9 "  ,  “  R9  7  1  "  f " ( 996 ) 

Sub be  r»  1 
END  IF 
END  IF 
End  IF 
END  IF 
ENO  IF 
END  IF 

IF  Flag  THEN  U3_t l me r 
IF  Subber  THEN  ffenu 
RETURN 

I 

U25  timer:  ! 


U25  T[NER  TEST 


SERIES  33U10U 


Dvmj (  1  ) 

F 1  agmQ 
Subbe  r - u 

Find_itl"U29”)"U  PIN  CHiP  CLIP'1, 2' 
F ind_i t  i " R1 75 C "  ,  " SLUE  PROBE  '  ,  i  1 
F ind_i t  '  "R173L  '  ,  ’  BLhCK  PROSE "  ,  1  1 
F  ind_i  t  i  "  R 1  79R "  ,  "  t’ELLOLi  PROBE  1  ,  1  1 
Fmd_i  t  (  " C3R"  ,  "RED  PROBE"  ,  1  3 
F ind_i t ( "R177F"  ORANGE  PROBE "  ,3  1 
St  ime  "T2.^"  ,  "  T5  2  "  ,  "  113"  ,  "  J29”  1 
St  imt  'EdO"  ,"F6U"  H5 6 "  ) 

Decade (  " 5  0  0 "  ) 

Oc  '  "1"  > 

power_aet  f  5  ,  12  ,  .  1  ) 


1 


1-43^0 

143  8  0 
14390 
9.2,2. 

1 44  0  0 

30160, 
14410 
1*0  ,  •  2 
14420 
14430 
1  _i44  G 
1  445  0 

1  4443  0 

144?0 

1448  0 

1449  0 
14500 
14510 
14520 
14530 
14540 
14550 
1456  0 
14570 
14580 
14590 
14600 
14610 
14620 
14630 
14640 
14*50 
1  4o  *  0 
146  70 
1468  0 
14690 
14700 
14710 
14720 
14730 
14740 
14750 
14760 
14770 
14780 
14790 
14000 
14810 


JJH*  . 

"ogg  .9  ^  -5 
-ijngen  i  0  ,  "4" 

RESTORE  14380 

04  TA  330110, .3, 0,46 ,99 7,3 3 0120, 5. 2, 2. 4, 46, 59 7, 3 3 013  0, 
4 , 46  , 99  7 

04 T A  330  140 ,2 .  75  ,2 . 25 ,h2U ,997,330150 , . 77 , . 6 ,416 ,997 ,3 
.  8  ,  0  ,  0  ,  0 

Oat A  33  0 170 , 1 . 5  7 , 1 . 29  ,  A 17  ,B9  7 , 330  18 u  ,  1  . 2  5  ,  . 75  ,  0  ,  0  ,  3  3  U 
5,0,419,997 

04 T4  33 02 00, 5, 3. 3, 416, 997,33 02 10, 5, 4. 8, 41 7, 9* 7 
FOR  X-l  TO  11 

RE40  Oat ( 1 ,Cnt  J ,Hi  ,Low,AJ ,B5 

IF  XOi  ANO  X<>8  THEN  C4LL  Meas<4$,d$; 

IF  X-6  THEN  C4LL  S t l m ( " M5 1 " , " N2 9 " > 

IF  X-2  THEN  C4LL  Togglet-9) 

IF  X-3  THEN 
Togg 1 e ( 9  ) 

St  i m ( " - T2  7"  ) 

END  IF 

IF  X-5  THEN  CALL  St  l m( " T27"  ) 

IF  X-8  THEN 

St i m C " Q13 "  ,  " R5  1 "  ) 

Cnts(  10002  , "  .8  ,2 . 4"  ,  10  ) 

Togg 1 e  < -9  ) 

WAIT  3 

Da  t  t  2  ,  Cn  t  ) -FnC n t  r 
St  im< "-Q13"  , " -R5  1 "  ) 

ENO  IF 

IF  X<>8  THEN  Ga  t  <•  2  ,  Cn  t  J -FNDumr 
IF  FNTest  THEN  Flag-1 

IF  X  <  >  6  4NC'  X  <  >  8  THEN  C4LL  He  a  s  (  "  -  "  &  4  $  ,  1  •- dd  S  ’ 

IF  X-6  THEN  C4LL  S  t  I  m  t  " -ttS  1  "  ,  " -N29  "  j 
NEXT  X 

St  i  m  (  "  - T2  7"  , " - T5  2  "  , " -  I  13"  , " - J2  Q "  • 

St  i»M  " - Eo  U  "  ,  "  -  F6  0  "  ,  "  -  H5o  "  > 

IF  Da t ( 3 , Cn t -  1 1 J  THEN 

Found_d a d l " U2 4"  , " Q44"  , " ( U2  5  )  1  ,  ”  (  R 1 72  1  "  ‘ 

Subbe  r- 1 
ELSE 

IF  Da t ( 3 , Cn t -  1 0  )  THEN 

Found_bad ( "U24"  , " t U25  )  "  > 

Subbe  r- 1 
ELSE 

IF  Oat(3,Cnt-9)  THEN 

Found_bad i " U24"  , " Q44"  , " U25 "  ,  " < R  169  )  "  ) 

Subbe  r - 1 
ELSE 

IF  Dat(3,Cnt-8)  THEN 

Found  _b  ad  i  "  U25  "  , "  (C29  )  "  (  A  1  "'5  )  "  i 


¥ 


ft 


1  -8  2  3 
1-330 
1-3-0 
1-3  5  0 
1  —3  6  0 
1  -43  7  0 
14330 
1-890 
14900 

7'7  >",*•(  R17— ) 

149  10 

14920 

1-930 

1—9—0 

1-950 

149*0 

14970 

1-980 

1  -99  0 

■9173  "  ) 


SutD«r  =  1 
£ 

IF  Da t ( 3 , Cn t - 7 )  them 

F ound_b  ad  “  Q47"  ,  "  225  ''  ,  "  ;  —  1 7  1  ■  ‘  - 

Subbe r = 1 
ELSE 

IF  Dat(3,Cnt-6)  Them 

IF  Da t C 3 , Cn t -5 )  Th£n 

Founa_bad C " U25 "  , " U45 "  ,  '  L-3 "  ,  ' 

Subbe r=  i 
ELSE 

Found_oad  t " Q45 "  , " Q—6 "  ,  "  1 R  1  7*  : 
SuDber’l 
END  I F 
ELSE 

IF  0at(3,Cnt-4 )  THEN 

IF  Da t ( 2 , Cn t - 4 J » 0  Th£n 

Found_bad l " U25 "  ,"G47‘  ,"C23 


15  00  0 
15010 
15  020 
1503  0 
1 5  0  4  0 

C23  "  , R 173  "  ) 
15050 
15  06  0 
15070 
15  08  0 
15090 
15100 
15110 
15  12  0 
1-13  0 
15  1-0 
1515  0 
R 1 5  2  )  "  ) 

15  loG 
15  170 
15180 
15190 
152  0  0 
15  210 
15220 
15230 


Subbe r  »  i 
EL  SE 

IF  Da  t  '  3  ,  Cn  t  -  3  Th£n 
IF  Oat(3,Cnt-2i  Th£n 
Found_bad'  “  U2  5  11  ,  "  Q 

Subbe r «  1 
ELSE 

Found_bad ( " U25 " 
Subber*l 
END  IF 
ELSE 

I  F  Da  t  (  3  ,  Cn  t  -  1  >  T h£n 
F  ound_fad  i  11  G— 3  ’’ 
Subbe  -  »  i 
ELSE 

Found_bad < " Q-5"  ,"Q 

Subbe  r =»  l 
END  I F 
END  I F 
END  IF 
END  IF 
END  I F 
END  IF 
END  IF 


152-0  END  IF 

15250  END  IF 

152b  0  END  IF 

15270  IF  Flag  THEN  U25_t imer 


o 


L 


lrT  2  0  1 

15330  =2-11-35  I NP  j  T  test  SE^IEa  J-lO^'jj 

:  -  ?  a  G  . . . . . . . 

Is?  3  5  0 

1 3  3  6  J  Dvms i  i  ; 

.53^0  F  i  nd_i  t  C  "  C3R"  ,  "  RED_PFCjBE  '  ,  2  > 

1 5  3  8  U  F  i  nd_i  t  i  "CPbR"  .  'GRANGE  PRC BE  ',  3 
15  39  0  Teas ;  '  69 7"  > 

15400  St  imi  'EaQ"  ,  '-i56" 

IF'-kxJ  Decade  1 " 5  3 0  "  ) 

15-20  Pawer_5*t  (  3 ,12  ,  .  *  ; 

15  430  UJA  IT  .5 
1  5 **4  0  Togg  1  e  <  -5  ) 

15450  St  im("~£56"  ,  "  -  F  6 0 "  ,  "-h3o"  > 

15  460  WAIT  1 
1547:.  SuO6er»0 
15480  Flag-0 
15490  RESTORE  15500 

15500  DATA  3  102  10 ,2 . 90 , 0 , T27 , T52 , 310220  .  1  1 . 5- ,  ? . a3  , 
15510  DATA  31  0230  ,  11 .55  ,9 . -5  ,T27  ,-TF2 
15520  Meaa ( "A18"  , "S97"  } 

15530  FOR  x— 1  TQ  3 

15540  READ  Dat  f  1  ,  Ln  t  >  ,ti  ,<_ow,h$  ,BJ 

15550  b  t  i  m  t  A  S  ,  B  *  ) 

15560  IF  X-3  THEN 

15570  Stim( " E5 2 "  ) 

15580  Po we  r_se  t 1 5  ,  15  ,  .  1  1 

15590  EnO  IF 

1560  0  0att2,CntJ”F  Ovmr 

15®  10  IF  FNTest  TmE'*  =!ao-l 

1562  0  IF  A  $  L  1  ,  1  ]  '  "  -  '  T  h£n  C—i_L  a  t  .  "l  ':,h! 

1  5  6  3  0  I  F  0$  [  1  ,  1  ]  <  '  -  The-  •:  HLu  S  -  ;  t.  '  -  '  6b  S 

15640  NEXT  X 
1 5  a  5  0  Toggle1-  -  5) 

15660  St  i  m  (  "  -E5  2  ” 

156  70  rieas  1  ”  -  A  18  "  ,  "  -  89  T”  ) 

1568  0  IF  Da  t  ■  3  ,  Cn  t  -  3  1  'rHENJ 

15  690  Found  _dad  1  "  Qo  "  ,  ’  Q7"  ,  <■  R2  ‘J  '  "  > 

15  7  ij  o  SuDtur*  1 

15710  ELSE 

15720  IF  Da t  < 3  ,  Cn t -2  )  THEN 

15  7  3  0  Found _b  ad  (  "  U6  "  ,  "  CP9  "  ,  "  <  P  I'3  "  ,  '  1  R  j  „  . 

15740  SuDber-1 

15750  ELSE 

15760  IF  Oat  ( 3  ,Cnt -  1  1  Th£n 

15  770  Found _b ad  1  " R 2 2  "  ,  " lP  1  j  "  > 


1~~8G  rucser'3  1 

.  5 '"’,i  0  END  IP 

158  3  0  END  IF 

15310  END  IF 

15820  IF  Flag  THEN  P2_ll_35 

15830  IF  Sudber  THEN  flenu 

15840  RETURN 

15850  1 

158*  0  Q7_q8 :  ! 

15870  ! 

1588  0  1 

15890  1 Q?'Q8  TRANSISTOR  CIRCUIT  TEST  SERIES  310300 

'  5900  !  ***-****j*-**‘*-*<***-*-*-**-***-***‘*-*-'*'***:*-*-*-*‘**-*-*-*-*-*-*-* 

15910  ! 

15920  Dvmsll) 

15930  Flag-0 
15940  Subber*0 

15950  Find_i  t  C  "  R25L"  ,  "  y£LLGW_PR06E  "  ,2  ) 

15960  F i nd_i t  t " C3R"  ,  "  RED  PROBE"  ,  1  > 

15970  Find_i t C " R28F" , " 8LHCK_PR0BE“ ,3 ) 

15980  fleas  (  "897"  ) 

1594  0  St  imt "E60"  ,"F60“  ,"H5  6"  J 
16000  Decade (" 5 0 0 " ) 

1*010  Pouie r_se  t  (  5 , 12  ,  .  1  ) 

16020  WAIT  .5 
1*0  30  Toggle'.  -5  ) 

16040  St i m ( " -E56 " , " -F6 0 " ,"-H56" ) 

16050  RESTORE  16050 

16060  DATA  310310, 11  , 9, 310320, 5. 2, 2. 4, 310330  , .5,0 

16070  DATA  310340,  .8, 0,310350, 27. 94, 22. 36 

16080  FOR  X- 1  TO  5 

16090  REAO  Da  t ( 1  ,  Cn t  ), H i  , Low 

16100  IF  X-4  THEN  CALL  Stim("T27") 

16110  IF  X-l  THEN 

1  o  1 2 0  fleas  <  "  Al 7"  ; 

16  13  0  Da  t  (  2  , Cn  t  ) *FMOvm r 

16  140  Ne a s l " - A  1 7"  ) 

16150  ELSE 

16160  IF  X-2  OR  X-4  THEN 

16  17  0  St  im( " H49 ”  ) 

16130  Da t ( 2 , Cn t J -FNDvmr 

16  19  0  St  im(  "  - 1849  "  ) 

1*200  ELSE 

16  2  10  Hea s  "  A 16 "  ) 

16220  Da t ( 2 , Cn t ) -FNDvmr 

1623  0  Teasi "-816"  ) 

16240  END  IF 

16250  END  IF 

16260  IF  FNTast  THEN  Flag-1 

162  "’0  NEXT  X 


■  e  a  :  -  r 

^  *3  _*■  ^  , 

-  “  i_  r  “  3  C  ^ ,  - 

:  -  - :  ■] 

5»j  d  d  e  °  ■  1 

.  t>  ?  *  u 

£_  ©£ 

:  s  n  j 

>  J  a  r  ;  ^  ”  -  - 

*.  ~  7  _i 

i  r  la"  ;  ,  _ r * -  * 

’  -r.  ‘ « 

'  S  7  A*  • 

17  D-jna_?  }■: 

'  X  1  i 

'  *  7  Ji  \ 

3'jbr?  r  *  . 

.  -  J  -  0 

L*  ©  n  £  .3  ^ 

^  -  r  - 

:  s  -  ■  j 

:lCCC"«  . 

1  ^  i.  .  j 

E-N  L  •  - 

1  o-*_  _ 

o.  ^  z  £ 

*  s  ^  7  J 

:c  -a-  1  .  _  -  >  -  _ 

'  —  t fc  * 

1  0  -*  <•*  0 

1 17  £  a  *  .2  ,  £  ^  r  - 

■-t*. 

i.  ©  *■*  £  G 

~ c urc _D  a  © 

'  -c  ‘  . 

1  ©  *■*©  j 

outt?"*  1 

Is**-'  J 

£  _  ©£ 

10*40  o 

47  3  ^  r  ©  _©  a  c 

-  .  - . :  ■  d-  - 

1  ©  *4  ■*  .; 

£  u  D  w  e  r  »  „ 

:  a  -  ..  j 

£‘^Lx  I p 

.  o  ;  1  J 

end  :c 

lool  .. 

end  ; = 

1 1>  -  1  ; 

enc 

1 ©  r  *♦  J 

lo  4  :  aq  *-t'*  _  z? 

It"'! 

I"7  ooOCe"  ’h0N  ~*i 

1  03  O’  6  0 

*?E  ’’’j Rn 

1  e  *  ”  0 

lO£0  : J 

D£  l  j  : 

-  0)  -  J 

*  ©  o  J  J 

*.  ©  C  J 

1  ©  t>  *-•  L 

£'-ma  . 

1  ©  6  ^  U 

ouDCer* 

Iot)0  j 

0  1  -sg«  jJ 

1  03  ©  ^  -J 

f  ;0(j  •  *  '  *✓'  <4  W  :  ^  £  1  W 

tot  ,  - 

loo  d  -J 

0  :  ~  d  :  r  ■  S'1  _ 

~0'_ ft  .  . 

1  o  o  ^  J 

0  :  d _  :  *  c*-*dL  .  '  •  E _ ;ju 

-0 ,-t  .  ‘ 

:  03  "  v  j 

t"  e  3  ^  *1  i  ,  '  E w  ' 

1  6  "  i  J 

‘3c  1  ‘  - 

1  "o  72  0 

Te"np»  int(rT ,  f.  -; 

.o’,-J 

1  n  ‘  e  *■  me  d  " 

1  ©  ^  -*  1  j 

f?De’E0»  7 

;  n  nc'  i  D  ;  dP  1  ;  ‘■"t  ~ 

1  00  "V  U  ! jN  r  I  L  c  ‘<L  "or  .  “ 

.  n  ■"•*)  „• :  ->  1  - 


I-J  1 0  IO 


'  .=► 


' 

*?  “  “  “■  - 

7  .  - 

-  ; - -  -  •  - . ‘  - 

-  *  •  7  ' 

-  ~  •  =  1  '  .  - 

r  -  . 

~  n  -  a  -  1  ,  .  ~  ~ 

~  - 

_■  c  .  ‘ 

:  -  <  *  _  ^  k 

<  =  *“  H- t.  *  < 

7  '  . 

>35  -i  $ 

-S  7  , 

ia*  _  .  K  K«L 

•  ^  r 

7  ' 

m?3:  1 2 3  -  '  i  —  S 

- 

d_:t 

a  ;  •  $»Pn1  r  i  -  ■ 

-  _  ■] 

Ear  2  ,  L  n  t  =  ^  L 

B  :  *  t  .  1  o  ,  1 8  I 

*  ■* 

^  -  J 

&K*D  '.  ? 

f  -  3 

^  ^  ^  ^  *  T  h"*  £  *  i  P"  1 

ag«  1 

^  U  i 

n£  <  ^  <, 

■i  ^  J 

“ea?  1  -  B ~  1 1  1 

F  ^  j 

IF  Da •  3  , Zn t -  8  T hEn 

F8  j 

I"  Ca1,  i  3  ,  In  *  -  a  .  T 

ht.N 

F"*  j 

Found _o  a  a  '  Q 1 9 

,  "  u2  0  •  ,  '’  nP9  "  ,  1  c  Fa9  ;  •• 

'GOG 

Subce r- 1 

0  1  J 

EaoE 

1  j  2  0 

IF  Da  t  (  3  ,  Cn  t  -  3 

i  T^tN 

0  3  J 

Found _ to  <a  c  C 

U2  U  "  : 

OaiJ 

Suboer-*! 

0  5  0 

ELSE 

Go  J 

i-ound_5ad  f  " 

Q9  "  , " f  P168  > "  ) 

"j  ^  'j 

Su BD*n*  1 

0  3  'J 

END  IF 

0  'F  J 

end  ;c 

I  G  J 

ELSE 

1  1  G 

; -  Da  r  3  ,  In  r  - 2  * 

HEN 

1 

IF  DaH  3  ,Cnt  -  1 

>  THEN 

13  0 

F  ound_b a  d < 

Q 19  "  ,  "  ;  R-*8  ) 

1**0 

Sudden* 1 

’18  0 

ELSE 

'16  0 

Pound  _D  ad'" 

Q9"  ,  "  Q2  0  "  ,  "UR8  11  ,  "  '  R2u 

1  ?!j  iubbe  r  ■  1 

180  END  IF 

1*0  END  IF 

2  0  G  END  I  F 

210  IF  Flag  Then  ^2_12 
2 U  IF  Subber  THEN  H?nu 

3  0  RETURN 
AO 

280  P2_i:  1 

2  o  U  1 


1  '  -5 

i-5c 

l-’-gn 

173  J  J 

PC-.*.’  .-4$  __  ;  ' 

-  -  -  -  -  -  -  _  r  ... 

COt'phrh ’Qfi  si^Col^S 

I  "•? :  o 

-? ;  ” 

i  '32  a 

CR.N'  '  :  -  - 

N 

~ES~  SERIES;’ 

i~330 

-r;n'  •  _  i  j*  .  ,  _ .  _ - 

i  y  s  **  o 

",^i  ’  £  ..  _ 

1 78?  0 

^  -  — 

-4  -  -  • 

Z9  dir 

!~  :  T  _r"  2^ 

:  736  j 

2  p  •  - 

17870 

“R  ’.  ’’  -1^  - 

-  '  _  ~  ,  _  --  •  -  - 

N  THE 

TEST  SERIES:  " 

17880 

RR  InT  '  2  1  J3 0  , -  1 2- 

J  ,  *  *  u  ..l-*-*. 

1738  0 

pr;n"ER  15  . 

178-JO 

jC  Q  n 

1  79  1  a 

Ei_5E 

17920 

couna_oaa  23*.  , 

. . -  .  * -- 

OR  7  :  ”  , 

17930 

Suooe  r » 1 

179  40 

End  IR 

1  79  R  Q 

End  I  F 

17960 

END  IF 

17970 

END  IF 

17980 

IF  Flag  ThEN  P2_l 

17990 

IF  SuDber  ThEN  Hanu 

18000 
180  10 

RETURN 

1 

18  02  0 
18  0  3  0 

P2_l 3 :  1 

18  0  4  0 

18030 

‘P2-13  CUTOUT  TEST 

o  E  =”  !  E  5  *  -  .  * 

1  o  U  6  U 

13070 

13080 

1 

O^fTIS  (  1 ) 

18090 

SuDber-0 

13100 

F I ag“ 0 

18  110 

F i nd_i t  ( " R6  3R"  , " 9LHLK  PRQbE  ’  , 

. 

4.  ' 

1812  0 

F ind_i t ( “ R48L "  , "GREEN  PROBE  ’  , 

’  l 

18130 

F  i  nd_ l  t  “  R3 8L "  ,  "  tELLOuj  PROBE  " 

,  3  ; 

18140 

St im( " C2 "  ,  "Dl"  ,  " Tl"  ,  "E3"  ,  " T«  ’ 

’ 

1813  0 

St imC "G6"  , " T7"  ,"132"  ,  " 029"  i 

18  160 

Rowe  r  _s«  t  <  4 , 9  ,  .  1  > 

18170 

Power_jet  (3  ,2  ,  .  1  > 

18  180 

Power_set 16  ,  1.3  ,  .  1  > 

18190 

Fungen l 0 , " 13U" ) 

T 


-  -  -  - 

~  i_  ~  SB 

------ 

—  —  c  c. 

-  .  *  ~ 

-  *'  -3*  7  ,  L  r  -  -  r  ’  c.  *  j 

I  „  1  z  - 

^■-PG^saC  Cr't  '  , 

-  -  -  J 

3i-r; ce-»  l 

-  ;  1  3  J 

El.  EE 

L  -  *  ■*  J 

.  p  Da'  3  ,  _  n  -  -  "  s  '  --  *i 

-  -  -  -  :- 

i  -  Da  '  7  ,  ■ 

-  -  -  - 

“  O  u  n  d  a  0 

----- 

:ijDoer*  1 

-  -  - 

E EE 

-  J  ~ 

9  5'jf'd_5ac  1  2  -  j  1  , 

-  -  "  - 

5U DDe- *  1 

J  J  „  t:  j 

£nl  1 F 

:  j  2  ~  j 

El.SE 

2  0  2  3  0 

l-"  Cat  1  }  ,  Znr-o 

:  j  2  *>  u 

I  5  Da  *  '  3 , 2n  » - - 

2  J  3  0 

P  O  u  n  o  5ac  '  '2  1 

^  1 

-  •  /  ’ 

5uCBe-*  - 

‘  ■  n  »  . 

CL  _  dE 

2  -  3  ?  j 

Pound  Cad 

*.  J  7  * 

SuDDa -  *  i 

J  ;  I  K  J 

end  : c 

2,3-5  0 

E.  zE 

-  J  5 "’  ■] 

1  P  Jat?,wr--. 

2  j  3  3  Q 

Pound  dad  '-,15 

:  o  3  9  o 

SuDbe rm  i 

t  j  -*  'j  j 

Ei_  oE 

2-J-.0 

.’9  Da'  3  ,  2 n  t  -  3 

-  0«2'J 

Pound  oac 

•  ,  ■  ■  ft  2 Q  ■  "  • 

.  j  - 1 , 

5u  D  c  a  -  *  . 

2  J  «4  **  .J 

E^  dE 

-  j 

:  9  -  a  ' 

2  -  J  *i  >5  1  j 

*■  C  r  r-  ^  a  - 

a  ij  '  9*1  j  ' 

; 

2  J «  7  0 

Eu  coa-»i 

-  3  «  d  0 

El  5t 

2  'J  it  9  0 

>-  2a'  7 

2  05  0  u 

P  o  ■  j  n  d 

23510 

Sucoa • 

2  0  5  2  0 

End  1 P 

2  0530 

Eno  [F 

2  05  4  0 

END  IF 

2  0550 

END  IP 

20560 

End  IP 

2  05  70 

End  I P 

2  05  do 

PNO  IF 

i 


r. 

.  -  *  a  g  ' 

*  p  Succe  -  ^  t  N  ^*?f~ 

v^_  '*’  _  ^  n 


«.  ,  ©  j 

*.  .,  ©  o  -J 
I  J6  ~"J 


4.'  job  0 

*.  i  0  *  J 

'  *-  -  1  C  JP  II  PL 

\j 1  tL:t 

;  j  ’  o  ij 

..  j ' ;  j 

2  -  ""”*.  J 

w*  1 

.  j  ~ 1  ■, 

-  .  ad  ■  'J 

I  J  7  *  J 

5u  D  □  e  r  »  0 

2  U  'J 

p  i  n  <3  1  t :  1  P^jP"  , 

'  P£D  PPQfaE  1  , 2 

2  J  ^6  J 

^  1  nfl_i  f  '  9C'  8  P  "  , 

1  bl_PCH  PPUBE  1  ,  * 

.  J  ~  7  0 

C  ;  n  ,4  if  •  W 1?  ;  ,_  • 

_Uj  -'PCbE  1  , 

2  0  78  0 

f  :  ~d_  i  *  '  P*  7i_  •  t 

1  QPHNbE  PPi-ibE  ’  , 

2  J ^  0 

;;na_;'  P* J  L  '  , 

bLd£  ppijbE"  ,  » 

2  08  0  u 

'  GPEEn  pp'jBE  "  , : 

«.  J  E  *  J 

-  i  -d_;  *  -P?P|_  '  . 

■ uh ; rE  nc-bE ■ , : 

2  J  b  2  0 

P  1  0  d  _  :  r  •  '  e  3  6 1_  '  , 

•POPPLE  PPGbE ' , 

_  J  8  1  j 

s  t  ;  m  1  "2  2  '  ,  '  2  1  '  , 

•  r  .  •  ,  a  3  '  ,  '  '  -4 

_  J6m,J 

S  t  •*  nn  1  "2,6  "  ,  "  '  -"  , 

"  I  2  ' '  ■'  j-j-j  •'  1  w  _ 

<.  J8fc  J 

fcowe r _s et  a  ,  ^  ,  . 

*  ; 

2  ,06  J 

Dv6  (  "  28  '•  ,  1  ’ 

2  28  70 

Power_se  r  1  6  , l . 3 

2  08  8  G 

Qc  "  1  000"  . 

2  0  8  '■*  'J 

PE S  7  CPE  2  U  d  -4 1  j 

2  'J  *  0  J 

JH 7a  3pu*  I  0  ,  .  1  , 

J  ,  W  1  V  t  g'j  ’  t  *  M  ,j  1-.  2 

•*  0  *j  2  IJ 

,22  ,  l  b  ,h!,j  ,  bv  ~ 

«_  1  J 

Dm  r  A  3  *4  0  ^  u  ,  . 

,  .63  ,  «  1  '  ,  B  J  J  ,  4 

,  ©  J  , 

.  ^  ,  J  ,h!2  ,B*:J 

2  .  V  2  U 

j  m  r  a  3  *4  0  *  7  0  ,  .  2  , 

IJ  ,  «  1  ,  b  2  J  ,  3  «  IJ  *?  -4 

'J  5  J  0  , 

3  0 . 8  .  2*  .  2  ,«2  1  ,  try  7 

2  0  9  7  Q 

0Hyfi  3-406  UU  ,  .  77 

, . 6 3  ,mj2  ,0y-  ,  3m 

2  Ovau 

F'JP  x-1  TQ  li 

2  0^*0 

PEPD  Da  t  1  1  , C 

n  t  ’  , H 1  ,uOu  ,8 

2  0*60 

n«as ihI.BJ) 

2  J*7U 

IF  x-3  then 

2  u  *8  u 

Oc  !  "  U  0  U  1 " 

) 

2  0**0 

D1SP  "TintP  HOLD ,  PlEm'oE 

2  10  0  0 

WF*  I  T  3  0 

2  1  U  1  0 

DISP  "" 

X  1  0  2  0 

END  IF 

2  1  0  3  (J 

IF  Xm  u  T HEN 

2  1  0  a  u 

5 1  i  m  1  "  EE>  0 

,  '  t*  '"  > 

210*  U 

Po  we  r  _5  e  7 

‘*,28.1 ' 

<N  C4 


'  -  5  '  *•£"< 

c-;rcj  ;  r  ,  '  ^tE'i  -^CoE 

"le  as-  '  0 1  7"  ,  "  0  1  d  "  ,  '  J  1  ?  .  -  J 

tNC  IF 

:f  x=  i  u  rH£N 
-egg  .  a  -  1U 

5  r  :  m  "-Ess"  ,"  u7  .  ■ 

clND  IF 

C  a  *:  2,2nt  .  «F  NU'.fTie 

;  p  p n I » a  t  T Ht N  *  .  a  g  *  2 
Me  a  s  ’  -  '  £■*  *  ,  "  -  "  ib* 


,i.00 
.  2  10 
1220 
2  1 2  3  J 
2  .2*0 
2  ,2K-J 
_  i  2  s  0 
2  12  7:j 

2  2  2  8  u 
2  -  2  v  a 
2  i  ?  a  u 
2-312) 

2  2  3  2  0 
2  1  3  3  0 
2  2  3*0 
2  17  7  0 
-23*0 
2  2370 

-  2  M  0 

■■  -  >-jii 
L.  -  '  J 

-  2  *  u  U 
2  -  *  i  U 
2  1*20 
2  2*30 

"  i 

2  l<4-4ll 

2  2  *♦  F  0 

-  .  u*  0 

2  2  *♦  r  U 
2  1  *B  U 
2  1*^0 
2  25  0  0 
217  10 
2  17  2  0 
2  17  7  0 
2  2**0 


-ogg  ;«  ■  -*  ,  -  •-»  ,  ... 

3 1-  i  m 1  -  *  *  ,  - L  1  .  ~  i-  ■  '  ’ 

St  ;m<  '  -  Go  '  ,  '  - T  7"  ,"-172"  ,"-22*"  ,"-*2* 

St  i m (  " - T7o "  ,"-T7?"  i 

Heasi  "  -017"  ,  "-018"  ,"-019"  ,  ' -»>  7"  ■' 

■  F  2at'J,Cnt-l;;  th£N 

founo.bsdi  "'-218"  ,  ’Off 7-  ,  -077"  ,  "  ^*^ 

oubbe r -  1 

ElSE 

.  F  Dat ' 3  ,Cnt -  10  j  T*tN 
Found_bad  1  ’  OF  1*  "  1 
iuDDe  r*  1 

GO  7 Q  2  1380 
Ei_SE 

IF  Da  t  3  ,  On  t  -  9  1  THEN 

Found _baa< "CS17"  ."Old  •,'-**  1  >  ' 

SuDbe  r -  1 

GOTO  2138U 
ELSE 

;  F  ja'  3  ,Cn  *■  -o  ’  -t** 

F'ound_Dad  ~ ' 

juDDe r  *  1 

EuSE 

IF  Oa  t  <  3  ,1-n  t  -  ’  1  '  MtN 

Found  bad  1  " 02  -  ,  ■  F *  3 


V-  l.  ;  '  U  '  ' 


i  W4-  rj 


SuDbe  r -  1 
El.  at 

IF  Dat  <  3  ,  Cn  t  - '  TMtN 

F ound_bad  >  1  02 1 "  ,  '  " 3 o 

Subber- 1 

ELSE 

IF  Oa  *■  1  3  ,  On  t  -  7  TntN 
Foijnd_bad'  "022"  , 
SuDbe  r -  1 
EL  aE 

IF  Lta  r  1  3  ,  :_n  r  -  '  HtN 


} 


•  ’  «->  “•  ;  1 

-  w  3  CL 

:;?8  a 

!»-■  Da  -  3  . -  -  i-  - 

2 

"  ^  t. 1  4 

2 :  f  -  o 

9 :und_3 36 

.W  *- 

J  '  . 

2  :  ©  j  u 

-'jCber*  1 

J  1  6  1  J 

£•_  3t 

2  16  2  0 

IK  Da  r 

n  t  - 

1  6  3  3 

K  6 

a  d 

**■  ' 

2  *  3  **  0 

3'jcoe^* 

2  1  o  5  0 

£w  3C 

2  1  o  ©  J 

.  -  2  a  ? 

2 

-  r  -  . 

2  !  o  U 

- 

a 

0C 

?  : 

2  16  8  0 

8'jDDe  r  » 

A 

2  16  9  0 

End  ;  K 

2  1700 

End  !  F 

2  1  7  1  j 

E  .0  i- 

21720 

END  !  F 

J  1  7?  0 

EnD  IK 

2  17a  U 

END  If- 

2  1  79  0 

EnD  IF 

2 .76ij 

END  IF 

2  1  7  ^  U 

EnO  I F 

2  1 78  U 

END  IF 

2  1790 

EnO  IF 

2  18  0  0 

IF  Flag  Then  F 1  i p_f 1  op 

2  18  10 

IF  Subtler  THEN  benu 

2  1620 

2  18  3  U 

RE  TURN 

1 

2  I84O 

2  16  6  0 

2  1  6  6  0 

Wh  i  c  h  _o  n  a  : 

*  *  •  ♦ 

2  1  r  U 

WH  1  '.H  OUTPUT  f-H  1  .£l 

2  I860 

2  1 8  9  ij 

2  19  0  0 

Right  $« DUALS  «  DUAL i  UHL $ i H i  i  , 6  '  , 2 

♦  ♦ 

♦  *  *  ♦ 

2  1 9  1  IJ 

Right  t*ft  ighi  J  1  19,321 

2  1 9  2  U 

WrongS-OUALS < DUAL  1  UAL  $  Uat1  ,6 

,  J  ■ 

2  r j  3  0 

i»Jrongl*Urongt  l  ;  9 ,32  i 

2  19  4  0 

RESTORE  21980 

2  i  9  6  IJ 

OH  I A  P2  -  9  ,  F>2  -  1  0  ,  a,:  -  1  3  ,  R2  -  1  2  ,  hl  -  ««  ,  - 

H  L  -  '  6 

2  19*0 

READ  Ou tputs J ' • i 

2  19  7  0 

FOR  x-1  TO  13  S1EH  2 

2  *  v  6  U 

IF  uJrong*lX,X]'  'Right  11/  ,Xl  T he r  1 

2  1  9  9  ij 

08d_out  t*Uu'putsJi  (X*:  >■'2 

2  2  ij  U 1 1 

PR  I  nT  "  t  h£  1  ;  8ad_3u  t  $  ;  •  Cl  r p'J  T 

;  - 

NL  ’  u 

2  2  0  1  0 

PR  ■  ill  1  Pwi jRERL  r  " 

yljRh  1  Nl 


^  ^  J  ^  u 

EnD  if 

_  2  0 5  0 

-j  E.xT  < 

r 

2  -  0  o  ij 

IF  8ad_3uti  =  "p'i-J" 

CP  0ad_out  5=  1  p_  -  -  -1  "t.  ^  - 

:  a 

2  2  0  ”0 

IF  8a  d  ou  t  5*  "  P2  -  12  " 

Then  goto  t 7  -  u  i  ij 

_  ^  M  l] 

IF  oa d _o u?  t*  ’  1_'2 - 

T  HEN  bJ  1  2  -  7  -  J 

2  2  !J  U 

IF  Bad_ou t $-"P2-  1?  ‘ 

THEN 

_  2  1  o  u 

GGSU6  U 3  _ t  i  Tie  r 

2  2  110 

GQSUB  P2_l 

2  2  1 2  0 

G0SU8  Fi ip_f lop 

2  2  13  0 

GGSU6  P2_l? 

_2  1-0 

END  I F 

2  2  15  0 

IF  Bad_ou  t  $ ■  " P2 -  3 

'  OP  Bad_out  i=  'F.-lE  hef- 

2  2  1 6  C 

GOSU0  Ul_t  i me  r 

22170 

GOSLlB  U3_t  l  me  r 

22  Id  0 

G0SU8  P2_l 

2  2  19  0 

GOSUB  P2_3  7_38 

2  22  LIU  END  IF 
22210  RETURN 
.2220  ' 

22230  Finished:- 

2  2  2  a  G  uUHD  "  EnD_TEST  '  ilSys  t  em$ 

22250  EnO 


i  e  a  i 


i  s  tne'i 


or  Decemce1'  16.  1  -  to  ir  .  ant 

?  n  r  a  n  '  n  .OuiSvl  ’  !  g  ,  K  e  n  t  a  C  K  v  . 


a T-  r  -?1'  C <=•,': 


■-  : 

:  r- 

-  -J  ’  s 

-  i 

•  i  e  ar..: 

Qr  SCLdtrrC 

^  i  ;  r  C  rr  *; 

p  ‘  -J 

r'  jf” 

r  .  F 

*  r. 

C  r , e r-  e r  t; e  r  ec 

C  uT'  V  e r  r 

-Cu  • 

S  V  i 

;  e 

bpee 

- 

Ec i ent  • 

r  ’•  c  jcrioc  '■  i 

r  the  Fcj  '  c^ 

r  e  c  e 

i  ved  <3 

6ac  re  i 

or  c r  5 

■;  :eroe  degree  in  Mav  of  1 

Mr  . 

P  ;  I 

Ke 

nton  en 

terec  toe  A  i 

r  Force  Pc  r  _ 

t  ne 

•Jr.  ’ 

vers 

1  *1  V 

C  r 

lOU  '  S  V 

i  1  '  e  ’  r.  r  r,e 

Sc  r  1 ng  or  1  yfc 

c  omm 

’  s  s 

f  one 

c  as 

a 

3  econo 

L ' eu  r enant 

in  the  Unit  ed 

F  c  r  c 

e  ' 

n  Ma 

r  C  r 

O  r 

i  ^66  . 

ne  i s  a l so 

a  memoer  of  t 

irst 

;  tu 

t  e  o 

r  £  : 

ec 

i  Cd 

ana  £ i ec t r  on 

i cs  Engineers 

e  ec 

t:  ea 

to 

tr.e 

E  t 

c-<  KdCCd 

‘vu  ana  Tau 

beta  P  :  honor 

M  i 

cnae 

i  D. 

P 

i  !  kento 

n  was  marr  i  ed  to  E  i  i  zatoet 

-  program  a 


w<3  ■ 


Patterson  on  May  l 7,  1666  ana  received  his  Master  of 

f  ^ineering  degree  with  specialization  in  E  i ect r : ca 
£rj^i  peer  i  ng  from  the  Un  i  vers  i  ty  of  Lou  isvi  I  1  e  bpeec 
!  (-  i ■'),  f  i  c  Schoo  I  i  r,  DecemDer  of  1  98t> . 


262 


